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of Special Issue Papers. 
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MULTILATERAL 

AERONAUTICAL DEVELOPMENTS 


Status Report/Briefing 
27 April 1976 


MULTIUTERAL AERONAUTICAL DEVELOPMENTS 
KEY QUESTIONS 


• Are we Transferring Important Aeronautics R^T Overseas Such That This 
Transfer Represents a Net Disbenefit to the U,S,? 

• Hhat is Being Transferred? Under What Types of Arrangements? 

9 What Led us to our Current Position? What are the Trends? 

• What are the Essential Pros and Cons? 

• What Studies Have Been Done in This Area and What are Their Results? 

• What Conclusions can be Drawn at This Time? 

• What Recommendations can be Made at This Time? 
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MULTILATERAL AERONAUTICAL DEVELOPMENTS 


OBJECTIVE A PRELIMINARY ASSESSMENT Op: 


• Trends Leading to These Developments 

• The Nature of These Developments 

• Relationships Between Developments and R&T 

• The Results of Previous Analyses 

• Conclusions That can be Drawn 

• Implications for U,S. Aeronautical R&T Policy 



HISTORICAL TRENDS 


AFTER H.H.II 


• U.S, Aviation Dominance 

• Military-Civil Interactions 

• Strengths of Airframe Industry 

- Efficiency^ Financing 

• General Economic Growth and Role of Aeronautics 

PAST 5-10 YEARS 


• Increasing Financial Requirements and Risk 

• Reduction in Military-Civil Interactions 

• Energy Problem 

• Increased Foreign Competition and Subsidy 

• General Economic Slowdown 
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NATURE OF MULTIUTERAL AERONAUTICAL DEVELOPHENTS 

• SUBCONTRACTS (e.g.j Build Parts of Aircraft) 

• PRODUCTION LICENSING Production Overseas) 

• JOINT DEVELOPMENT (e.g,, Concorde) 

• DIRECT INVESTMENT IN FOREIGN COUNTRIES 

• DIRECT SA:E of TECHNOLOGY (e,g.. Patents) 

NSF STUDIES 

• Exports of Products 

• Licensing of Technology 

• Foreign Direct Investment 
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THE NEXT COMMERCIAL JEf ^ 


I Fuel and Operating Economy; Lon Noise 

I 200 Seat^ Short-to-Medium Runs 

I Needed in ^-5 Years (Start Repucing 707's^ DC-8's and 727's) 

I U.S, Manufacturers Cannot get Advance Orders from U,S. Airlines 

I All Manufacturers Seeking Development and Production Partners 
Overseas 

HCDQNNELL-DOUGLAS DC-X-200 
I Scaled-Down DC-10> New Wing^ 2 Engines 
I Cost $500-600M to get into Production 

I Lean Toward Tri-Jet 

• Cost $1B to Develop 

FOREIGN COMPETITION 

• 250 Seat A-300 1^ Shrink to 200 Seats 

• 100 Seat Mercure ^ Stretch to 150 Seats 

1/ Business Week> 12 April 1976, 
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SPECIFIC MULTILATERAL DEVELOPMENTS 


mimjju 

I Grew Out of QSH Project With Aeritalia (Joint Manufacturing/ 
Marketing Agreement in Nay 1971) 

I Current Program Gives Italian Consortium Production 
Participation 

I Boeing Statement Says Aeritalia has 20X of Program 

I If CFM 56 Engine Selected, French Will Have 50X of Engine 
Program 

I If JTIOD Engine Selected, Germany and Italy Will Participate 

IN POWERPLANT DEVELOPMENT AND PRODUCTION 

I Japan (Mitsubishi Consortium) Trying to Join Program, After 
Dropping Own YX Transport Program 

I Could Involve Cooperative Effort on New Wing to be Used 
Both on 7X7 and A-300B Transport 

I Timetable: First 7X7 in 1980-82 Period; Generally a 

Derivative of 727 

Source: DMS Market Intelligence Report, September 1975 
Aviation Week, 16 February 1976 
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DQU6LAS/DASSAULT-BREGUET 

I Douglas Builds Fuselage Barrel Extension and Provide 
Technical and Sales Support for Nercure 200 

I Dassault Fund Development of High-Aspect-Ratio Hing 
FOR DC-X-200 

DOUGLAS/AEROSPATIALE 

• Cooperative Venture on Advanced Versions of A-300B 
Transport 

LOCKHEED/DASSAOLT-BREGUET 

I New Wing/Possible Engine Change for Nercure 20>J 
I Possible use in U.S. Markets 

6E/SNECNA 

I CFM International^ A Joint Company (Founded in 1974) 

I CFM 56 Engine 

I Ideal for BAC IIL DC-9, Mercure, 727, Trident, A300, 
707, DC-8-60 

I 50/50 Split, Overall Program Management and Single 
Customer Interface for Sales and Services 

P&W/ROLLS RQYCE, ETC. 

I Consortium to Manufacture JTlOD-2 10 Ton Engine 
I Compete With CFM56 


RATIONALE FOR HOLT I LATERAL AGREEMENTS 


FOR AIRCRAFT MANUFACTURER 

• Reduce/Share Risk 

• Reduce Front End Cash Flow 

$ Expand Markets 

• Garner Foreign Technology 
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ajmARY QF FAVORABLE/UNFAVQRABLE ASPECTS AT NATIONAL LEVEL 


EmmL 

I Expanded Sales and Positive Contribution to Balance of 
Payments 

I Maintenance of Health of Free World Foreign Aircraft 
Industry 

I Cooperation- Foreign Policy Implications 

ismQmii 

I Potential Loss of Sales, Jobs and Investment to Foreign 
Companies 

I Transfer of RsT to Foreign Companies (A Two-Way Street) 
I Potential Negative Balance o,- Payments Effects 
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SELECTED PREVIOUS STUDY RESULTS 


■fiENERflUMDUSTIfl^. 

I Characteristics of R&D Intensive Industry 
I Economic Benefits of Technoeooy Transfer 
I Conclusions 

AVIATION INDUSTRY 
I Trends 
I Effects 
• Conclusions 
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SOME SELECTED STUDY RESULTS 


y 


I Overseas Activities by U,S, Firms are Beneficial ^ 

- They Increase Exports and Stimulate Domestic Employment 

- Provide Means of Acquiring Foreign Technoeogy 

I Firms do Prefer Exports tq Foreign Direct Investments and Foreign Direct 
Investments to Licensing 

9 U,S. Manufacturing Industries With Relatively Large RSD Expenditures Lead 
Other Industries in Exports^ Foreign Investment and Licensing 

9 There is no Clear-Cut Relation Between Foreign Direct Investment and "R&D 

InTENSIVENESS" of INDUSTRIES! IN CONTRAST;. .INTERNATIONAL LICENSING TeNDS 
to Vary Directly With "R&D Intensiveness" ^ 

1/ National Science Foundation., TecHNQLQfilCAL INNQVATIQN AND .Federal GOVERNMENT 
Policy. January 1976. 

2/ M. Wilkins. The Maturins M ulti national Enterprise i A merican. .Miness-Abboap 
From 1919 to 1970. Cambridge, Harvard University Press, 1979. 

i/ National Science Foundation, The Effects of International Technology Transfers 
on U.S. Economy . Papers and Proceedings of a Colloquim in Washington, D. C., 

17 November 1973. 

9/ 6. Hawkins, TecHWOLOS Y . T fiANSfEB .AMD. HULT.1 NATIONAL FlRHS; T hE HQME.CfiUNIfiY 
Perspective , New York University, Unpublished Paper, 1975. 


- 11 - 


SOME SELECTED STUDY RESULTS ^ 


I Payments for Licensed Technology (All- In U,S.) are About 4Z 
OF Total Returns to Innovative Effort (Fraction of Licensed 
Patents Considerably Higher) 

9 Firms Tend to License Their Technology Internationally More 
Readily than Domestically 

I Reason- Protection of Domestic Markets; Return in Markets Cannot 
Enter Abroad 

I Rule-of-Thumb: Licensors get About 1^% of Production Profits or 
Cost-Savings Attributable to their Invention 

I Royalty Payments for an Invention are Well Below Value of 
Invention to Licensee 


Note: Results are based upon study of U.S, and Japan Data. 


1/ R.W. Wilson and M.J. Peck. The Sale of Technology Through Licensing. Department 
OF Economics. Yale University (Sponsored by NSF). PB 244-158. May 1975. 
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SOME SELECTED STUDY RESULTS 


I Foreign Direct Investment Makes a Small Contribution to International 
Diffusion of Technology ^ 

- Major Portion of Such Investment in Manufacturing Occurs Among 

Industrial Countries Where Competitive Domestic Firms Already Exist 

I Available Knowledge Inadequate for Assessing Whether U.S, Economy^ Qtt 
HeIj Benefits From International Technology Transferj Many Specific 
InOUSTRIESj in U.S. AND OVERSEAS^ HaVE BeNEFITTED ^ 


I Available Evidence Suggests That the U,S, Should ntain its Present 
Policy Permitting Foreign Direct Investment and Licensing Relatively 
Free of Restrictions ^ 

- Except for National Security Considerations 

- No Evidence^ On Net^ That These Have Hurt U.S. Economic Welfare 


1/ W. F. Finan, The International Transfer of Semiconductor Technology Through 
U.S.- Based Firms . NBER^ 1975; also A. LakEj A Study of the Introduction of 
I nnovations Into the U.K. Economy . NSF Grant, 1975 (Unpublished Paper). 

2/ 6 . C. Hufbauer and F. M. Adler, Overseas Manufacturing Investment and the 
Balance of Payments , Tax Policy Research Study No. 1, U.S. Department of 
Treasury, 1968; C. Freeman, R&D in Electronic Capital Goods . National 


Institute Economic Review, Vol. 39, November 1965. 
i/ National Science Foundation, The Effects of International Technology Transfers 
OF U.S. Economy , Papers and Proceedings of a Colloquim in Washington, D. C,, 

17 Nobember 1973. i? 
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SOME SELECTED STUDY RESULTS ^ 


• Effect of Transferring Technology With a Long Lead Time to Production 
Must be Very Low 

9 Open Literature Assures That Breakthroughs Widely Disseminated 

9 Transfer of Long Lead Time Basic/Applied Research is Probably Beneficial 

9 Transfer of Manufacturing Expertise or Technology With Short Lead Time 

TO Production can Have Effect on Competitive Capabilities of a Firm 

9 Licensing Fees can Provide Funds in U.S. for Further Development 

- E.G., Manufacture of Engines (GE-SNECMA) 

- Tend to Counterbalance Gains by Foreign Manufacturer : in Learning 
About our Manufacturing Technology 

9 U.S. Receives Information and Funds When Technology Shared 


1/ Booz-Allen Applied Research, Inc., Competitive Factors in World Civil 
Aviation. NASA CR-IM'I^I?, August 1972. 
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SOME SELECTED STUDY RESULTS ^ 


f-t ; 


9 If Current Trends Continue^ U.S, Will Lose Out in Medium and Short 
Haul Aircraft Market 

- Outright Subsidies of Foreign Industry 

- Decrease in Technology Transfer From Military Sector in U.S. 

9 Favorable European Position Not Due to Infusions of American Technology 

- Development Trends Proceeded in Parallel With Little Crossover 

- American Position Probably Been More Favorably Affected by Any 
Interchange Due to Greater Ability to Apply Technology 

9 Most Effective Interchange of Technology on Interpersonal Basis 

- Little Evidence of Any Effects of Such Exchange in Aviation Industry 

9 U.S. Should Adopt Policies Supporting R&D on Technology Intensive Industries 

9 U.S. Aviation Industr/ Probably Benefitted From Any Exchange of Technology 
Rather Than Suffered 

1/ Forecasting International. Ltd.. How Technology Transfer Affects the Competitive 
Position of the U.S. in the World Aviation Market . NASA CR-1M^A8. 3 March 1972. 
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MULTILATEi^AL DEVELOPMENTS AND R&T SUPPORT OPERATE 

IN DISPARATE REGIMES 


♦ 


Product Life Cycee 


♦ 


Research 

Technology 

Development 

Advanced 

Development 

AND 

Prototyping 

Production 

Marketing 

AND 

Sales 

Operations 

and 

Maintenance 

V 



, 




Regime of P&T Regime of Multilateral 

Support Developments 


• R&T Supports Remainder of Product Life Cycle 

• R&T Generally Precedes Production by 5-T5 Years 

• Some R4T may Have Short Lead Time (1-3 Years) e.g., 
Manufacturing/Production Processes 
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CQNCLUSiQNS 


I Host Products/Services Involved in Holtiuateral Developments 
Based on "Old" or Hell Known RKT Results 

• Some (Limited Number) of Products/Services Involved in 

HuLTI LATERAL DEVELOPMENTS HaY BE BASED UpON "NEW" OR 

Recent R&T Results (e,g.^ Manufacturing/Production 
Processes) 

I To THE Extent That Recent R&T Results are Transferred^ 
Payments are Received Via Licensing and Other Similar 
Arrangements 

• R&T Results in General are Produced in a Higm y Dynamic 
Manner and Represent a Highly Fungible Commodity (e.g.^ 
People Transfer, Open Literature, etc,) 

I Strength of U.S. Company Bargaining Position Depends 
ON Possession of Advanced Technology 
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SUMMARY 


I Multilateral Aeronautical Developments Inevitable Based on 
Current U.S. Position and International Trends 

9 Direct Transfer of R&T Occurs Via Patents/Licensing for Hhich 
Payments are Received 

• Potential for "Inadvertent" Transfer Limited Since Operate 
IN Disparate Regimes of Life Cycle^ With Time Deuys 

I However, Some Threats IZxist in Short Lead Time Areas (e.g,, 
Manufactur I ng/Product I ON Proc esses) 

I R&T Results Inevitably Transferred as Highly Fungible Commodity 

• Previous Studies Suggest 

- Available Knowledge Inadequate for Conclusive Net 
Benefit Statement 

- U.S. Should Maintain Present Policy 
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PRELIMINARY RECOMMENDATIONS 

m. 

U.S. AERONAUTICAL R&T POLICY 


No Fundamental Change in Current Policy (Long Lead Time R&T) 

Careful Examination Needed for Short Lead Time R&T 

U.S. Should Face Role as Exporter of R&T and Implications 
OF That Role 

- Continuous Generation of R&T 

- Fair Market Value of R&T 
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In January 1970, cat naclonalletd Sud- 
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Industrial Aarospaeiala. Srtpuat aviation 
■arpod vita Avions f''rcal Dassault In 1967 
aftar ^on«aHt prt»sura. Dassault Is 
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P d«y. 
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cjmoanits coHactlvtly control 951 of 
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Mtlonol 

FroJootS 
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prooucetow of u.S. alrerafe abroad, 
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Aorosoatlalt vita Irltatn't lAC jointly 
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•an, Dutca, Soanitn and Sntim can<oanlts 
oavtloelnp A-j008 Airtus: Aarosoatiala vita 
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Aarosoactaia vita 7Fd and '48 of 'jtrmany on 
Transall: Dassault and SAC joint’/ oovtl- 
oelnp Japuar: Dassault/lrtpuat vici Oucc.*i. 
lolplan, and Gorman comeanitt on Atlantic: 
OassaulVlrtpuot vita Domlar of Gtrmiany on 
Alpaa jat; Dassaule/Srtpuae vita lulian, 
lolplan, and Spanisa comoanits jointly ca- 
va lop Inp Marcurt: SNCCMA and Gtntrsl £lac- 
trie dovtiopinp now anplnts. 

.*41, YFU-Fokkar. and Comlar nava taapiad I 
vie.*! Aarosoatiala on Atrout: VPJ-Foekar > 
win usa Aollt/S.'ICC'A tfipinas on /FVi-61i; ; 
5AC and AarlUlla JolnaC '41 for MRCA 
oavalocmanc; Domiar anc Dassault tvanly > 
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SaCCMA't naif af joint GC/SacC'A orojact. 
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budpttod S1SI.2 million for tat Concaroo, 
S31.3 allllon for 9)t Htreurt, and Sli.5 
■tlllea for tat A-jOTl Alreus. 

Govammanc hat prancad S38Q million for j 
Its mart of A- 1008 Airbus oava>ooiDtnt. 
and puarantatd bank loans for additional 
suns: vic .1 suosiolas and cradle, ent 
povamm*nt nas ''..ndad ’51 of loui vPJ- 
614 brojact: Govarnmunc nas Invascad 
ntarly :10Q minion on 7/STX scudlts; 
povarrr-«.ic pranu loons of uo co 601 of j 
cave i. '.mane coses. Thasa loans star no | 
Incartsc. and nttr raoaymanc Is conein- 
pant upon Via brof'ubiHey of ma sro- 
jact. Stata «id co civil aircraft :ro- 
auction CLtalad S60.3 mil Ion (1963-69), 
SS2 allllon in 1970. S52 altllon in 1971, 
S62 ■lltlon In 1372, and S62 million for ! 
1973. SS7 million «ms allocattd 'or 
A-30Qi In 1972. 

! 

uo 

U.S. axpondl Curts for atfosoact UO 
totaltd S9,CS1 *11 Hon In 1973: eat 
poxarntne funded 71.it of caae total. 

Frncn ixpondlturts for aarospaca AU in 
1967 totilad S694 alii Ian*, tao Suea 
fundtd 92.1S of tnae eoul. 

Ganaan axeanill^jras for aarosoaea Aio 
toulad S194 million In 1367; mt povam- 
■Mt funded 36.31 of Cftat coul. | 

1 

Nartieinf 

Aaiistawca 

CilManb axtonds 10-ytar financind for 
widtoodltd aircraft: £ila plans to oar* 
eicipaeo uo so 90X, fneludino loans and 
purantoot on narro«oedy aircraft xnan 
forolM eoaoteielon is conflmtd: cur- 
rant uinpank rate ts 7t. Santrally. 
coMteielvt CtrM art offtrtd undtr 
Fortlpn Military Salas FropraPi. OISC 
tnoecod in 1971 oamits firms to o« nort 
conpteielvt on 910 txport nar.’.t by a 
tax rtftrral of SOS. 

Tilt Suca nas aado it aestibit for Oastult 
to of for endit earns for Its military air- 
craft as low as 3S on aoriods avar IS 
ytart. In Latin Amariea, Industry talas- 
•M art ofton accampanlad by rtortskou- 
tivas of tat Frtnea mmstnas o' Mnanct, 
icianca and tacmolopy. and laftnst; tna 
Suco tueeorts Dassault oroductlon offers 
to acfidr couACrifs (offstt arranpaaonu) . 

Govammanc and Aarmus (Carman axoert In- 
surance sank) nave txuBpeed VFU-614 from ■ 
normal salM tanas. Fiymanc may 0# fi- 
nanced on 10-yaar loan at a net of 21 
below aaiiclnp mantae rtcf, G«ra'aliy, 
eipne txoort finanemp rapulactons and i 

uDort controls Cb all but 'lato eouncrits ‘ 
eicaoc Gratct imposa impadlaancs for itr- 
rr«ft txporc. 

sea to 
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CuaeauM 

Tilt Seaco It ont of tat orincioal niseo- 
■on of cat atrotoaca Indus cry. (n 197i 
tfit Staet aceouncad 'or S0.9S of eaa 
toeal salts. TMt otreanupt is iipn Ot- 
eauta of ■isillts and tpacacraft. 

Tilt Seact It ont of tat orineiaal cuscoatrsi 
of c.nt aarospaca industry. In 1972 cat 
Stata accountad for 49.il of eao toul 

salat. 

The State is one bf me anncloal cutco- ; 
•an of cna aarospaca industry. In 1972 
cjit State aceouncad 'or i7.ji of mt 
total talas. 
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United Kingdom 

SOS of AtriCalU Is gov«rniMflC*own«d. A«ronauttea 
Macdii. Sla1-March«tt1 , Augusta, and Partenavica 
art prlvataly owntd. 

Rolls-Royce Is govemmenc-owned; because SAC was 2QS 
owned by Rolls-Royce, che government has assumed 
this share, but Intends to sell it; government has 
Urge holdings In two smaller compantes--8eagie Air- 
craft Co., and Short Brothers and Harland Led. 

AaritalU was formad In July 1971 by combining 
aarospact aetlvitias of riac. and Aafar and 
Salnolraghl. Would Hkt a margar of S1a1« 
Marciiactt , Augsca and fiaesbl . 

In Ute l9SC's and early I960's: 3AC, Hawk«r 
Slddeley, Westland (helicopters), and Rolls-Royce. 

Aarltalla holds 15S sharo of ."iRCA davalopmenc with 
SAC of U.<. and .’188 of Gemany; Aaricalfa is in- 
votvadl in licensed production programs on OC-9 and 
OC-IO, and with Seeing on development of new quiet 
short-haul transport; riac (part of Aeritalia) in- 
volved in Meroure deveioomenc. and has assembli.'’ 
facilities for -:he '.ocicheed r-lOAS; fiacchi joined 
3AC, ME8, and Aeritalia in csveiopment of the 
Panap light fighter; Augusta, under licenses, pro- 
duces and satis Sell hclicopears. 

9AC with France on Concorde; Hawker Slddeley in- 
volved in Airbus project; Rolls-Royce and SIHEC.HA 
sharing development costs of engine for VFVI-GU; 
SAC, MSB of Germany, and Saao-Scania of Sweden- 
joint development of QS70L; SAC with Dassault 
jointly developing Jaguar; Westland with Aerospa- 
tiale on helicopters; 3AC with Germans and Italians 
on MSCA. Short arochen share deveiooment costs of 
Fokker F-23 with OuCch; Hawker Slddeley collabo- 
rates with Beech on further dcvciopmehc of HS-12S 
fimlly. 

The decision to form Aeritalia was the first move 
by the government to give significant support to 
its aerospace industry. Secent govemtnenc insta- 
bility has caused delays in ascablfshing priori- 
ties. Government is financing Italy's participa- 
tion in hPCA development. Government will spend 
$280 million through Aeritalia in developing and 
manufacturing a 4-engine. ISO-passenger QSH 
transport. 

, 

U.K. and France are splitting Concorde R&O costs 
estimated at S3.Q billion (by 1975); Government is 
funding 50-805 of U.K.'s share of VFW-814 costs 
sscimacad at S2-3 milliori; Government participation 
in MSCA program APPrexi maces ?oQQ million, and 
amounts to S28 million for Jaguar; oritish compatv- 
les may write off IQOS of new investments in aero- 
space production facilities in che year in which 
investments are made. Sesides R&0 support, che 
Government assists industry with '‘launching'* aid. 
Launching aid is an interest-free financial contri- 
bution to the launching costs of a civil aircraft 
or aero-engine project, repayable as a levy on sales 
and licenses to tlie extent thee these are achieved. 

A tax rebate of 145 of purchase price has been re- 
bated by the government on all exports (amounts to 
cash subsidy). State subsidies for civil aircraft 
production totaled S92 million in 1966, $143 mil- 
lion in 1967, S163 million in 1963, $192 million 
in 1969. and 5192 million in 1970. 

i In 1967 Italian expenditures for areospace totaled 
$38 million; government funded 81.32 of that total. 

1 : 

Sritish expenditures for aerospace RSO in 1968 
totaled $725 million; the State funded 92.1* of 
that total . 

Under SSO million of aircraft products were ex- 
ported in 1971. The Italian Airforce buys 2/3 of 
the country's aerospace products which totaled 
$238 million in 1971. less chan IQS goes to the 
domestic civil market. 

3AC has sold 3AC-lII's at 35 down, 35 on delivery, 
and lO-year financing at 3. 35 Interest; Hawker 
Slddeley 748* i have been sold to Chile with no down 
payment and financing for 12 years. 

The State is one of the principal customers of the 
aerospace industry. In 1372 the State accounted 
for S3.4S of Che cocal sales. 

The State is one o'f the principar customers of the 
aerospace industry. In 1972 the State accounted 
for 47.35 of the total sales. 


H,)(, 10/2/75 
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SAort>h4ul crtntaorc U«a4ii«fa CwH 

Trantoort ^l«n« C«< 
v«lopMwe Aiwc. 



Cooo«r«t1v* AgrtMflC 


Tha 1972 Japantt* budfcc cut Tht na^ciacH a 

tha pUnnad aoaay aval labia S0<S0 va<«turt but In 197A 
for Uia yaar Ooma froa Y3.20Q Jaoan aarfad wiCA Soalny/ 
allHon Ctd.l alMlon) to Aaricalla on :na 7X7 projacx. 
only UOO allllon C12SO.COQ)i Japanasa parttelpaeion could 

now ba ai licela as 2(7l. 


lealnq 7X7 
(aiploraeory) 


Trtjat. i angina 


Lon^-ranfa. low 
dansity routas, 
transport 


AarltalU. Italy 
Japan 



Fially of aircraft Nadlua ranga 



Japanasa {ovamnant vocad 
S7 allllon to covar 7SS of 
budoat for fY 1975. Qrlf* 
Inaily plannad as a ITQt. 
typa aarly in 1971 (QSM) In 
Kay. ly tfia and of 1973. 
lUO aspandituras by Aaritalla 
aiiountad to S32 allllon. 


Italian govamnant has sat 
aslda. In prlncipla, toaa 
S340 allllon for tha pro* 
Jact. 


(Janas All tha 'Jorld Aircraft 
I97S.1975.) Aarltalla ra- 
quastad chat Its shara oa cut 
to 2n fro« !C^ In 1974. thus 
tuoqastlnq as 10/70 snara for 
tha Japanasa.* Soalng Is alto 
Intarastad in Irltlth partici- 
pation. > 


Hopas to build 700 by IPSO.** 

Soalng has a lay 197S goal for 
clarifying tha standard body 
darlvatlvas balng studios undar 
tha labal of 7N7.* 


L Soeliig 707 

4 anglne Jet. 
pessenger liner 

Long-renge pet- ■ 

senger/frelgnt 

trensport 

Northwest Indus- 
trim Ltd. 
(Canada) 

January I973-To build and 
deliver aft fuselage sec- 
tions. SS canter wing struc- 
tures. Contract valued at 
$5 allMon. 

Contract calls for deliveries 
over next four years.* 

f 


• 

Northwest Indus- 
tries Ltd. 

ilov. 1972-Tail sections con- 
tract valued at $6 allllon, 
calls for 35 shlpsets with 
an option for 30 aore ovar 
18 months. 

Contract for 2.S /ears.*-^ 


Trljat turoofan 
alrllnar 


Shorc/mdlua ranga 
conaarclal aircraft 
operations 


CASA of Spain 


Sovlat Union 


January 1973-To supply roar Soalng ulll tuoply technical 
alrstalr assanOllas and attlstanct and tooling aqulp- 
ruddar tabs. none. 


Soalng 727-200 



Kawkar da Havll- 
land A Connorwaalth 
Aircraft Corp. 
(Australia) 


USSK to preduca pastangar 
door as par 1971 nagotla- 
tlons. 


1971 Mntract for main wing 
ribs and ruddars totalling 
nearly S4 iillllon. Sal- 


Boalng turned over tat of draw- 
Inos and tooling diagram.* 

Sold Soalng tacnnolcqy on 727 
door.* 


kawkar da Havllland ^as rt- 
cilvad an additional contract 
Ivaluad at $2 million. This is 


lays for 3 aircraft contract t.ne Sth such contract In S yrs. 


Twin-anglnad Jat 
transport 



hort* range coa- 
■erclal airline 
operations 


Long range, heavy 
load, passenger/ 
cargo airline op- 
tratloAs 



Mitsubishi Heavy In- 
dustries; Xawaski 
Heavy Industries 

Short Srothars A 
Harland (Sal fast) 

C. T. Taylor, Ltd. 
(Cnglano) 

Harcanl-Clllott 
Avionic System, 
Ltd. 


valued at $300,000. 


Advanced 737 delivered to 
Sandla Arablon Airlines 
March 1971. 


Inboard flaps; outboard 
flaps.li 


March 1973-Undercarrlaga 
doors In excess of tl mil- 
lion (about $2.43 ailllon).i* 

September 1974-Three aircraft 
sets of galleys valued at 
L3/A el 1 1 1on. 1* 

Working on an Improved 
automatic throttle control 
system.!*' 

dote: Boeing would place 1S2 
employems In Baghdad in the 
svaneer of 1975 undar a tuo- 
port contract with Iraq Air- 
ways Ltd. The conoany would 
provide manageawnt assistance 
to Ireq>jl Air for 1 yners 
under the $20 allllon tuocort 
program which was a ccndieisn 
of a purchase by the ilrllres 
of 3 Soelng Jetliners Jenuary 
SI i«re IS 


Soelng has placad orders for 
elaost 353 shlosets velued at 
SIS ml II Ion. 1* 



i> 



































• CackttMd L'lOll 
THittr 



Htdlum h«ul , <f r* 
bus. Cdflwercist 
slrllncr. d«n« 

ilty, fnctmtdisci 
ran9« alrllnt ms* 
san^tr oparaeions 


LockrttaP ?-3 L^9A 
(lonq-rinpa Mtrol 
aircraft) 


McOomtil Douglas 


CooOlntd isllltary/ 
civilian aission 
capability 



All ' purpose jet 


Rocktiall Inctma* 
tional Cor-p. 


Srvmun Gulf* 
straan X 


'iugnas Airuast 
anu TOA CncMCic 
Airlines 


Cofiinandar 700. twin 
angina, prassuritad 
transport 


3*4 angina config 
uratlons 


Susinass aircraft, 
light exacutiva 
transport 


Participating 

foreign 

^tjnufacturars 


Hawkar Ca HavillanC 
Australia Pty. Ltd. 
I Coraionwaal th Air* 
craft Corp. 



Short Brothers A 
HarlanC (Bat fast) 


Scottish Aviation, 
Prestwick 


Hellenic Aerosuaca 
Industries (HAl), 
an ovamau* and 
naintananca facll* 
Ity for Greek eill* 
tary and csnmerciat 
aircraft. 



Rohr Industries. 
U.S.A. , and 
Franca 


United Kingdon 


Fuji Heavy Indus* 
tries (Japan) 


ANU .MULllNAllUNAL " 2 

PROGRAMS- 

Coopered ve Agreement 

Conran ts 

Sepcimbtr l975*Lockhted Air. 
craft (Austral la) Pty, Ltd. 
Subsidiary, said that it had 
signed contracts worth 
SA.OCO.OCO with Hewxer da 
Hevilland Australia Pty, 

Ltd, and Comnonwealth Air* 
craft Corp. to supply air* 
frame structures for L-lOll 
aircraft. 

The unit said that the con* 
tracts were pert of an air- 
craft purchase offset deal it 
Submitted with its successful 
bid 'or the sale af Orion air- 
craft to the ^iscralian Air 
Force eerlier in that year. 

January l973*G4lley doors 
and tail rib assemollos 
JL2 d 11 Ion order. 

Short Brothers had oreviously 
built engine pods, undercar- 
riage doors and flight com- 
ponents for the Tristar. ** 

February l971*Cargo and 
access doors and flight 
deck escape hatches * 
.11 million contract. 

Will be in production well 
Into the 1960s. 

Decemoer 197S*$I20 million 
contract for construction 
and managtrent of a suo- 
sport facility Co be located 
near Athens. 

Lockneed Aircnft. Intemetlont! 
will itanage the facility. Lock- 
heed Aircraft Services will pre- 
vide personnel to boerate it.** 


Canada ordered IS P*3 LRPAs In 
a buy valued at an istinatad 
S7S0 million over the lifetime 
of the program. 



Oacatroar l975*Ctvi 1 1an 
sensor canisters <»nicn can 
be installed overnight will 
enable crews to fly oollu* 
tion and »^sourca control, 
aerial mapping and ocean sur* 
valllanca missions as wall 
as ASW missions. 


Saptamoar I972*Contract for iTha Rohr contract nns to the 
assafibiy of up to 12S ship* |fall of 1976. First 5 sets to 
sacs of pad assamolics for I be built at Chula Vista. Final 

G£ CF6*S0 Jet anginas to | engine- bui Iduo at Toulouse. 

power A3C08. Contract valued! Franca. ^7 
at $27.$ nilllon. i 


Offering Canada substantial 
amount of comoonenc struc* 
tures work on the DC9 and 
0C10.*‘ 

Douglas would build fuselage 
bar' ell extension for Cas* 
>ault*areguat and provide 
technical and sales sup* 
port.** 


Offering work on OCIO worth 
318 million pounds starling 
and 10,000 jobs over a period 
of 10 years. Prooosa 30t 
British production (anginas, 
pylons, nacelles and avi* 
o/i1cs).** 


July 1974-Agreement signed. Prototype designed and built 
Two piston business aircraft lunoer a Joint neveloomcnt pro* 
to cost about $10 million. gram.*'* Rockwell is already 

SOX cost CO Fuji; 40X to studying turboprop and jet* 

Rockwell. powered versions.** 
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U.S. COOPERATIVE AGREEMENTS WITH FOREIGN AND MULTINATIONAL 
FIRMS IN CIVIL AIRCRAFT AND ENGINE PROGRAMS 


Obsignation 

Participating 

Foreign 

Manufacturers 

Coraanu ' 

Hughes Alrvest A 

Hughes Airvtast Is 

April 1975-lnvolvas 33 trploy- ^ 

Saudi Arabian Air> 

operating a domastic 

eas and least of three F«27s. ; ^ 

Unas 

airline for the na- 

/ 


tion replacing the 
DC-3 operation 

\ 

L7Y Avrospaca 


J 

Corp. 


Fral loinary agreenant signed , | 
with Coopagnle Centra! d'Studes. t 
Industriale of Farit, olvlng ] '• 
the French coooany exclusive ’ | 



•arketing rights In Franca 'or t \ 
LTV's Airtrans people/ baggage/ s ! 
Mil autooated transportation * ) 
systao.*^ I 

( 

1 night International, February 3, 1972, 

P. 161. 

1 


3«oarefnc of Sue* Airgraa - A>27l. rUy 9, 1974. 

Ocpartmine of Sue* Alr^ra* - A-S43, August 14, 1974. 
night lnetm«clOA«1 . Fahnury 1973. 

Avlaclofl Watt & Spaca Teennotogy, Taaruary 16, 1976. 

Capartnant of SUCa Airgraa - A-173. April 11, 1973. 

Aviation Daily, Novanbar 30, 1972, p. 166. 
itaw York Tloaa, August 25, 1972. 

Aviation Waak & Spaca Technology, .yarch 12, 1973, p. 26. 

Aviation Daily, Oacamoar 15, 1972, p. 255. 

Aviation Daily, CacaiBOar 4. 1973, p. 182. 

Aviation Daily, March 22. 1973, p. 127 

Society of Sritish Aarospaca CoMpanias. Ltd (S3AC hews), London, Saptaabar 19, 1974. 

Aviation Daily, June 5, 1975, p. 198 
Standard A Foors, April 24, 1975. 

S3AC Mans, March 22, 1973 

S8AC laws, March 3, 1973 and Aviation Dally, February 26, 1973, p. 303. 

Aviation Weak A Spaca Technology, Secaea&ar 3, 1975, p. 201. 

Aviation Week A Spaca Technology. OecaiRber 15, 1975, p. 46 
Aviation Dally, Seoceaber 21. 1972, p. 110. 

Aviation Dally, October 3, 1975, p. 189. 

Aviation Weak A Spaca Technology, February 2, 1978. 

Aviation Daily, OacatRbar 29, 1975, p. 302. 

Aviation Dallies: July 16, 1974, p. 36; July 30. 1974, p. 167; and Aviation Waak A Spaca Technology, July 22, 1974, p. 18. 
07Q Civil Aircraft Highlights, Deceabar 1975-. 

Aviation Weak A Space Technology. Saptanbar 9, 1974, p. S5. 

Aviation Leak A Space Technology, July 17. 1972, p. 11 
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H>iMf«eturtr 
Avco (.ycaBtnq 


Otilqnttlen 
ALf S020 


tSS0-S4QA/C 


“ Ml Ml on 

Co«Mrc1«1 Hfhc 
trtntporc «nO «ntcu« 
Civi MrktC 

Suslntss/Transpert 


CoiTtte 

AlrttM^XA 


331-MSlA 

331-2-nu 

331-S-2S1C 

731-3 


Iwslnoss Cxtcucivt 

Corqo/PMSon^r 

STOC Transport 
Suslntss JtC 


^Gonoral eite< 
trfc/SNECMA 

\Q 


Cn*-Jd tnqint 
ThIrO 9tntrae1cn 
luOsonie aircraft 


I 

(CPI Ineamailonal . a joint eoawany 
was fonetC Oy General Electric A 
[SfiEOiA in early 197C to provide 
overall pro^rae rana^effsent for 
|tne CFH 15 engine, and a single 
custoner interface for sales and 
service) 


Conierclal aircraft 


I General Elec- 
lr1c/«£01A/Mnj 

o 


Cf5-S0 turtofan 



jTlOO-2 10-ton 
engine 


2-A2800 

CU15 

JT80-7 

SE210 


Conaerclal a1rcr,ift 


Mil t1 -purpose 
aaplilbian 

Transport 

Transport 

Transport 

Passenger/Cargo 


ATL-98 



1 

EMINC PROCiUMS I 


Foreign Aircraft 

a 

Comments 


1971-Oassaul t-5reguet 
Falcon 30 

Hawker Siddeley HSK6 
Rinaldo Plaggio - Italy . 

A contender for the next generation of turbofan- 1 

powered business aircraft (Aviation Week and Space 
Tecinology, 12/1/7S, p. 11) 


Jaeanese Nltsublsni 
1 ZC 

Irish Short Skyvan SC7 
Series 

Casa 212 • Spain's Avlocar 
Israel's Uestwlnd 112A 

1 

1 

( 


Ideal for English SAC 111 
Ideal for Francs Mercure 

SNEC^'A decided in autumn of 1971 to develoo engine on 1 
a aC/3Q basis with General Electric. In 1971. 1.2 
million francs, and in 1972. 10 million francs. 

80 nil lion francs In contracting authority and 51.7 
million francs in aopropriatlons had been eamarked 
for 1974 for fie 10-ton engine for development costs 
apart from ShECMA's own financing input. (Ccpart3*ent 
of State Airgram A-ESO, Oeceirber 13. 1973). 


French and German Alrous 
Industries A30C82 and 3A 
programs 

Of the development costs, S^ECYA menufacturers oarts 
toulling 225 of the cost; >TU, 115; General -lectric, 
51.35; SNCOVt at Coreeil 5 Ylllarocne, 5.75. 


Oesigned to power the A- 
anglned Airbus, Seeing 7X7 

Expert of jet-engine technology through joint venture 
wic.h ''ITU, W. Germany, and an Italian Grouo fenred 
by Fiat and Alfa Borneo. Total program develcpatent 
cost 1$ estimated at S300 million. i 



Memorandum of Understanding June 1975. A reirote pos- 
sibility Is the develooment of a second-generation S3T 
engine. The current generation re fanned Soay ana L 

JT8C are unlikely to Become cooperative programs. 

(Flight International, July 10, 1975. o. 23). 


Canadair ltd, Quebec 

Aerospatiale. France 

Caravelle, Super Caravel 1e 
Mercure 

Aviation Trades Ltd. 

Carvel r, England 

U.S. Oepartment of Justice nay have thrown a damper jl 
on fit joint develooment of tne W401 tarbofan en- ' 
gint for the business jet nerket In mat it would pre- j 
sent serious competitive prcolems. Cost of develop- ;< 
merit of such a powerplanc placid at about S200 million. '| 
(Aviation Gaily, January 20, 1976, p. 16). | 





raxcici MAJOR civri coopcRAnve procra.*« 


jXasMult* 

Irt^tC P«|o 

Acn 10 («r*1- 

I 'icictd 9/73) 

? — 

Xisuule* 

I rt^MC Pal* 
,i,3A 20 (cartl- 
flcaetd C/65) 

\9 

i assault* 
rt^tt ril* 

on 30/<0 

! 

iisiul t* 
rt^t Pal* 

^ 

I Oatsault- 

Vrt^t f'*rcurt 
Ictrti/leaCH 
.^rly 1974) 


Short/nvdluii 
ranqt Coai* 
ntrclal air 
optraelont 


Manufacturtr 


Alrfriat: SrUlth 
Aircraft Corp Ltd, 
En^laoil 

AtrpspatiaU 
(SNIAS), Pranca 

Otutsch* Airpus 
GabH, Gtraiafl P«d- 
•ral RipuoMc 


TwIO'tnfint ShorC/aitdlua 
ran^t airliner 


Supcnonic 

transport 


TwIn^Curto* 

fan 


Executivo crans* 
port, air taxi, 
ac&ulanct, 
freighter or 
training air* 
craft 


Twin*tngine Light transport 
Jet 




Sritlsh Aircraft 


U.S. Technology 
Export 


Pratt i Whitney 
JT90>IS turoofan 


General Electric 
CP6-50C turOofan 
(ShECMA and MTU) 

Garroe auxiliary 
potrer unit 

Eng1ne*nacelle 
eoNnonality with 
NcOonnel Douglas 
OCIO. 


Pratt i Whitney 
JTS0*9 turoofan 
engines 


Pratt S Whitney 
(UAa) JTlS-04 
4 turoofan engines 


(United Aircraft 
of Canada); Pratt 
t Whitney 


Hanil ton* Standard 


Corp. Ltd (Enuland), heat exenangers 
A^e Ltd. (Eng* colorists three 


Tu1n»«ng1ne 


Twin*«no1ne 


Thrte*eng1ne I 


Twin*eng1ne 


Liaison, execu* 
live transport, 
aerial photog- 
raphy, anoulance 

Executive trans- 
port 


Com ter trans* 
port 


Avions •'-'orcel 

Oassault'Sreguet 

Aviation 


Short-haul 

transport 


Air Prance aircraft 
coaorists three 
Identical inertial 
platforss 

2 Garret Atrescarch 
TFE 731 turbefan 
engines 


2 General Electric 
CP 700*20 


2 Lycoming ALPS02 
engines 


Garret Alreseareh* 
TFE* 73 engines 


2 Pratt h Whitney 
JT80*IS 


lonn authorities control < 
ling 90t of total de* i 
vflopcent funds; 1,200 
million Ofi (1973 money).' 
A total of i.SOO CM (m1l< 
lion) in state guaran* 
tees is to oe allocated 
for financing of series 
production. 

23 civil aircraft pro* 
duced through 1974. 


'J.S. doitvtring ovtr 2SS of 
tht initial comoonents. Over 
sot of tht cost of JCduisitlc 
of spares during the opera- 
tional life of tht aircraft 
will OenefiC U.S. industry. 

Over 200 Airbus plus related 
spare parts would nave to 
bo sold bofort the COP can 
recover the 100 million fn. 
advanced to ShCCMA to htio 
financo adaptatien of tho 
GE CP6-50 engini far us« on 
Airbus, f ranch advances to 
Aerospatiale for Prenen snare 
of airfrac# development to- 
talled 1.7 billion frs. as of 
12/31/74. (Cept. of State 
Airgram A-341. July 31, 1975) 


273 Caravelles produced 
thpouqn 1974. Out of pro- 
duction 


hain market Is USA, 
Falcon Jet Caro, a 
joint PanAm/Oassault 
3reguet oporation 


Main market Is USA 
Falcon Jet Coro, a 
Joint Pan/m/Oassault 
Breguet operation 

A development prototype 
flow in mid*l973. but 
the program now appears 
to bo moribund. 

A new wing win bo 
designs tod for produc* 
tioii aircraft 

Air Inter, sole custom- 
er. To be phased out 
of production. 


A SNECMA/Torboceca-Larzsc- 
powered version is planned 
capending on civil develop- 
ment of this engine. 


Current production rite Is 
believed to be 1.5 aircraft 
per month 


2 tngines first dolivered in 
1972. 



A growth model oowered by 2 
General El tetri c/Sk£C<"A 56 
engines hjs been prooosed me j, 

could be available by 197S. ^ 

Govenmnenc of Franca nad ( 

granted 503 million ,^rs. at l 

of 12/31/74. 1 

Lxkheed Aircraft Corp and ^ 
McDonnell Douglas Coro, 
havo teen ncoting with Cassau'.'.v! 
Breguet Aviation for several 1 

months as part of a wide-rann- i 

ing etaminotion of coHaboral j 

tion transport Cevtlspc-^n: 
possibilities involving U.S. } 

and Frenc.n ccroanies. A ccac- 
line of *My I, 19*6 na$ been 
set. (Aviation Week A Space 
Txhnology, 2/15/76). 


S 
























roscici fWJOII CIVIL CCCPCMTIVe raOCiUM 


TwInMflfInt Susintss 



ll 9 ht Crant* Third tt««l/air Fairty Srltttn 
pert Nonun 


L><]hc trana- Taxi atrllnai 
port and 


Transport Car^o aircraft 



HaMkor SlCdtlay 
Aviation, Ltd. 


2 LJrceailn^ 10*SAQ 
UBS 


2 Lycoalno 0«S40 
C4CS 


3 Lycoa1n9 0-S4Q 
C4CS 


Air Aacoarch air 
conditioning and 
prtssurltation sys> 
t«. LMUittd land* 
Ing gear and hydrau> 
lie coopontnts 


■d}rt Chan SSO havo now 
Soon told. Salts toul 
about AO froai Btiglan 
production. 


Currant production ra Ct of 
10 aircraft par wnth planned 
to incraast to 12. 



337 told valued at 
LllS 3inion 


Ueillty/cargo 

Lockspelser Air- 
craft. Ltd. 

1 Lycoelng 0-540 

Cargo/Passtnger 

Short Srothen S 
Hart and. Ltd. 
Belfast 

2 Garrett Air Ae- 
search 334-2-20U 



kt-er-VRi f27 
Friendship 


7«ln>eng1ne Fasscnger/cargo Sehyshol-Oost, 

Aastardam 



Auxiliary power sys- 
taas, ceoporacuro 


204 ta.iits ordered froc 
Fairc.n1 Id •»h1ch built 


controls. wAeelt and airerift under license 
brakes, pneuaacle 
tystc*. auca-ollot, 
electrical tystcet. 
ftiel and water men- 
thol puBps. VllF/VOA 
systees pressurization, 

APH I 


Passcnger/cargo 

Schyshol-Oosc, 

AnesrPaa 

Military A k 
aerial applica- 
tion operations 

Kujuski Inti. 


Fairchild Hiller, 
as above 



Production believed to be 
ninnlng at 1.0 to 1.5 units 
per month. A raengined 
version, to be designated 
the Series 700 witn Garrett 
Air Aesearch 731 engines Is 
under consideration. 


A total of 104 alrcnft sold 
by faren 1575 to •ni 1 1 iiry J 
civil custoaers In about 
egual proportions. Present 
production race ascuc on« 
unit per eonch. 


Tri-gtvemnent agree- 
ment .tid-1964; Natner- 
lands. U.K. and Germany. 
Fokker - S7t, England 
191, V. Germany 13 r 
111 of sanufactura. 


In final stages of an 
agraerenc under which 
Hughes Helicopters 
and' Cassna Aircraft would 
be ea-tufac Cured in Pakisun 
Ki/Jusri Inttmatlonal | 
would build 50-70 Ctssna, 
hughes providing uo to 
M-SC’C and SOOO kits 
per y«ar for assanbly In 
Pakisun. (Aviation 3a1ly, 
Oeearoar 16, 197S) i 
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CIVIL JET AIRCRAFT PRODUCTION THROUGH 1974 



Sud Caravel le 

(278) 

BAC 111 

219 

Hawker Siddeley Trident 

117 

Vickers VC-10 

(47) 

OeHavIlland Cornet 

(51) 

Dassault Mercure 

(10) 

Aerospatlale/BAC Concorde 

9 

Airbus A-300B 

23 

Fokker F-28 

95 

VFW 614 

10 

TOTAL 

859 


NOTE: Numbers in parenthesis out of production. 



Table 3 


Major Civil Foreign Procurement Programs 
by U.S. Aircraft Industry 

TRANSPORT MANUFACTURFRS 


Country 

Code* 

Program 

Item Involved 

Australia 

P 

Boeing 727 

Main wing ribs and rudders 

Canada * 

P 

Douglas OC-9 , 
DC- 10 

Wing and tail asseciiblies 
(Douglas Canada) 


P 

Douglas DC-10 

Landing gear 


P 

Boeing 707 

Aft-fuselage section 


P 

Boeing 747 

Fiber reinforced plastic 
assemblies made by 
Boeing subsidiary 

• 

P 

Boeing 707 

Wing parts and wing-fuselage 
attachment assemblies 


P 

Boeing 707 

Fin and rudder assemblies 


P 

Lockheed L-1011 

Gas turbine auxiliary 
power unit 


P 

Lockheed L-IOll 

Hydraulic parts 


P 

Lockheed L-1011 

Pressure bulkheads and 
floor structures 


P 

Lockheed L-1011 

Landing gear doors , engine 
cowlings, upper bodies 

f 

Germany 

P 

Boeing 737 

Wing in spar rib 
assemblies 

Italy 

P 

Douglas DC-10 

Fuselage panels and tail 

• « 

1 

• 

section 


P 

Lockheed L-lOIl 

Tailplane parts 

Japan 

% 

P 

Douglas OC-10 

Forward passenger, mid- 
passenger and large cargo 


A 

• 

doors 


P 

Douglas DC- 10 

Tail assemblies 

Spain 

P 

Boeing 727 

Rear air stairs 

Switzerland 

P 

Lockheed L-1011 

Vibration monitoring 
system ^ 


P - Procurement J - Joint Program 


Continued - 


Table 3 (continued) 
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Country 


Code* Program 


Item Involved 


United Kingdom 


P 

J 

P 

P 

J 

J 


P 


Douglas OC**10 
Lockheed L-1011 
Lockheed L-1011 
Lockheed L-1011 
Lockheed L'-lOll 
Lockheed L-1011 


Lockheed L-1011 


Landing gear 
Rolls Royce engines 
Control surfaces 
Wing components 
Engine pods 

Cargo and access doors 
flights deck escape 
hatches, galley doors, 
equipment bay and tail 
rib assemblies 
Fuel flow equalizer 
totalizer 


GENERAL AVIATION MANUFACTURERS 


Argentina 

J 

Cessna 

Aircraft assembly 

Brazil 

J 

Piper 

Aircraft assembly and 
manufacture 


P 

AVCO; 

Aircraft engine and 
engine parts 

Canada r 

P 

Fairchild, Bell 
Cessna, Beech, 
Piper, Sikorsky 

Aircraft engine 

Mexico* 

P 

Rockwell Int*l. 

Aircraft parts 

* • 

Poland 

1 

P 

United Aircraft 

Pratt & Whitney engine 
peurts 

United Kingdom 

P 

Grumman 

Aircraft engine 


* P - Procurement 


J - Joint Program 


AFlntUljutD firiTIuTOF^AtROSwCE TOusTiHeS ASSoffiVlolT 
REGARDING MEETING THE CHALLENGE OF 
FOREIGN COMPETITION 


Continuation of Comparative Advantage in Commercial Jet Transport 
Market Dependent Upon: 


A Healthy and Vigorous U.S. Domestic Economy Capable of ] 

Generating Sufficient new U.S. Airline Orders to Maintain i 

.4 

Cost-Competitive Prices i 

The Long-Term Financial Stability of the U.S. Aerospace Industry i 

I i 

Joint Efforts by Industry and Government to Maintain a Superior ^ 

Technology Base 1 

Industry's Ability to Maintain a Strong Marketing and Post- | 

Sales Support Program • * 

Availability of Suitable Long-Term Financing for both U.S. 

AND Foreign Airlines 

The Maintenance of a Relatively Free and Open World Trade 
Environment Under Which U.S. Manufacturers Have Operated i: 

AND Under Which They Have Equality of Market Opportunity 

The Nature and Degree of Involvement and Participation 
BY Foreign Manufacturers in U.S. Production 


Figute 1 2D 

U.S. Trade Balance in R&O-intensive 
Manufactured Products, by Product 
Group, 1960-74 
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Source: SCIENCE INDICATORS 197A^ National Science Board^ 1975 


Figtife l-l^a 

U.S. Receipts and Payments tor 
Patents. Manufacturing Rights, 
Licenses, Etc., 1960-74 
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figure 1-lSb 

U.S. Net Receipts for Patents, 
Manufacturing Rights, Licenses, Etc., 
by Selected Countries, 1960*74 
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Source; SCIENCE INDICATORS 197'1, National Science Board, 1975 
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Figure 112 

Major Teclinological Innovations, 
by Selected Countries, 1953-73 
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"Radicalness" ol Innovations, 
by Selected Countries, 1953-73 
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Patents Granted to U.S. Nationals by 
Foreign Countries and to Foreign Nationals 
by tbe United Slates, 19G6-73 


llMUMIMiU 



l^icuJe 1 11 


Figure 

U.S. Patent Balance with 

rFmintrivs 


inMuuMtsi 

20 





ChriiiMHk I«rl 4«4 Fra 

iOUtCI rf‘MM prill 


• Olhti Iwinir^ llOMMC C — m Itulf <f I Cl MHliiit 

N*lxM «k4 Hw NcMcri«ii4v lljl) Mr Ml ivMljWt 

!•> Hit/. *>4 Mr Ml filuMt Im I'rair IM Mtr M Ikit rlu«i 
SOUfCI Wa<M MrUrilttM ri«fr'l| Oi|Mi<M>Wi 


PATENT BALANCE 


Source: 


SCIENCE INDICATORS 197R, National Science Board. 1975 



* 


OAST FUNDING (FY-7A) 



Number of 
Contracts 

Funding 

United Aircraft Corp, 

7A 

$28,271,212 

Boeing 

75 

17,188,328 

General Electric 

61 

13,052,909 

McDonnell Douglas 

32 

10,560,999 

Lockheed 

26 

9,078,355 

LTV Aerospace 

52 

2,195,976 

Rockwell International 

19 

1,331,629 

Garrett Corp. 

9 

639,697 

Grumman Aerospace 

9 

505,336 

General Dynamics 

10 

988,351 

Lockheed Missiles and Space 

5 

301,600 

Hughes Aircraft 

9 

269,065 


INTERESTING QUOTE 


AVIATION WEEK 

(2 February 1976) 

The U.S. Cannot be Accused of Giving Away Technology 
Collaborative Arrangement in Europe Which Gave Birth to the 

9 Jet t GiNE 

6 Swept Wing 

8 Jet Transport 


Supersonic Transport 


let the environmental groups take their 
cause to court and let it have the final 
say regarding Coleman's adminU 
strative decision. 

While Congress may be able to 
finesse the SST issue this time around, 
at least two other major legislative ac- 
tions they may be unable to avoid. The 
most significant pending proposal is 
the Administration’s regulatory 
reform proposal for the air transport 
industry. Last year. Sen. Edward .VI. 
Kennedy (D-Mass.), chairman of the 
Senate Judiciary Subcommittee on 
Administrative Practice and 
Procedure, held eight days of hearings 
on reform of the Civil Aeronautics 
Board. The Subcommittee's report, 
which came out at the end of 


as it affects the Federal budget. 
Schulize said an underlying long-term; 
inflation within the economy must be( 
brought under control. His three chief' 
means to attack long-term inflationary 
growth include deregulation of the 
transportation industry. The other 
two: hold down taxes and informal 
wage/ price guidelines and income 
policies to limit increases. 

The other major legislative action 
which could affect airline operations 
as well as user costs envisions 
separating the FAA from DOT - 
either as an independent Feder- 
al agency or as an independent gov- 
ernment corporation. Congress- 
man Barry .VI. Goldwater Jr. (R-Ca.) 
proposed to separate the F.AA from 
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On Concorde, a Congressional finesse, but on the Aviation Act of 1975, tougn. 


February, turned out to be very 
popular. The Subcommittee ran out of 
its supply of copies within a few days 
after it was released. The Kennedy 
report calls for the CAB to relax rate 
and entry procedures substantially 
while tightening its standards for gran- 
ting antitrust immunity. It also calls 
for liberalized charter rules, increased 
cortsumer participation, and other 
changes in CAB regulatory 
procedures. Many of the suggestions 
are Included in the Ford Ad- 
ministration’s proposed Aviation Act 
of 1975. Hearings should begin on the 
Ford proposal shortly. 

The regulatory reform proposals 
assume changes will lower fares. In 
recent testimony before the Senate 
Budget Committee, Brookings In- 
stitute economist Charles L. Schultze 
testified on the shape of the economy 


DOT and return it to the inde- 
pendent status it held from 1958 to 
1967. Congressman Teno Roncalio 
(D-Wy.) would create an independent 
government corporation as the over- 
seer of the nation’s airport and air- 
ways system. This corporation would 
be funded jointly, on an ap- 
proximately equal basis, by user taxes 
and general tax revenues. Either 
proposal likely carries with it the 
reopening of the user -charge issue and 
the “fair share" applicable to the 
segments of the aviation community. 

Add to these issues the still 
unresolved matter of jet-transport 
engine retrofit to meet new noise stan- 
dards and the requirements for lower 
pollution by transport-category jet 
engines and the airline industry has 
plenty to think about in the months 
ahead. - Robert Hudock 


Technology Export: 
Success Draws Fire 


Senate passage of the International 
Security Assistance and Arms Export 
Control Act moves Congress one step 
closer to being able virtually to veto 
any significant overseas arms sale. 
While the House has yet to act, the 
Senate's 60-to-30 vote suggests a 
strong sentiment in Congress to 
establish itself as the policy-making 
body to supervise foreign military 
sales. This adds still another dimen- 
sion to the growing debate on the ef- 
ficiency and desirability of high- 
technology trade by U.S. companies. 

What would have been a routine 
foreign-aid bill authorizing S3 million 
in budget outlays became the vehicle, 
t.hrough amendment in the foreign 
relations committee, for Senator 
Hubert Humphrey’s arms-export 
proposals. The Senate-passed version 
of the bill would give both houses of 
Congress the veto for the first time 
over currently unregulated com- 
mercial sales. The bill’s provisions 
would apply to all sales of S25 million 
or more, or to sales less than S25 
million if. the equipment carried an 
R&D cost of S50 million or more, or 
total estimated procurement cost both 
recurring and non-recurring of S200 
million or more. In addition, the 
legislation .'equires that gifts or fees 
paid in connection with an overseas 
weapon sale would have to be reported 
to the State Department, which in turn 
would pass the information on to 
Congress. 

Until recently, foreign military sales 
were expected to reach about SIO 
billion for the fiscal year ending June 
30. The latest estimates by Pentagon 
officials place the sales of arms sup- 
port to foreign countries at S8.2 
billion, or less. Lt. Gen. Hov-ard Fish, 
the Pentagon official who manages 
foreign-sales programs, estimates that 
sales next year may drop about Sl.-t 
billion, and level off in the S6-7. billion 
range. Sales for FYTa hit S 10.8 billion, 
up from S-i.4 billion in FY73, and 
sales in FY75 reac.hed S9.5 billion. 

While the aerospace industry 
generally supports the export of 
aerospace products, including military 
hardware, the issue of exporting 
aerospace technology generates some 
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Buey: “W« should not soil know-how 
or. worst, givt it sway fatttr than wt 
can crtatt it.” 


debates. One cook place at the AIAA 
Annual Meeting session on e.xporting 
aerospace tec.hnology. 

“Know-how is a basic resource that 
must be used wisely.*’ says J. Fred 
Bucy. who just became president of 
Texas Instruments. “We should not 
sell know-how or. worse, give It away 
faster chan we can create it.” In his 
remarks at the Annual Meeting. Bucy 
differentiated between products and 
know-how. 

The Te.xas Instruments executive 
recently headed a Defense Science 
Board task force on the export of 
technology affecting the U.S. defense 
posture. Although most U.S. com- 
panies would be reluctant to sell or 
give away their technological know- 
how to a domestic competitor, says 
Bucy, they seem more willing to do so 
in the international market. Bucy 



Shialdt: Leave export of commercial 
technology to industry decisione. 
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notes that U.S. companies seem to be 
selling more know-how at a time when 
they are producing much less of it. The 
continued selling of technology means 
that what were once training partners 
soon will be trading competitors. 

Roger Shields, assistant secretary of 
defense for international security af- 
fairs. completed the keynote portion 
of the program and echoed many of 
Bucy’s thoughts. Shields said that 
“what we send abroad is the fruit of 
two centuries investment._“^veryoac^ 
seems in f avor of exchang jna^ 
technolog y for an adequate quid pro 
■^uo^ 5 ^t^ asks Shields, “what iT~. 
"adequate?” Many U.S. com panies. 

hersfiocCrun" 

gain and do not worry about theJona 


times when the U.S. competitor will 
lose (0 a foreign competitor.” predicts 
Shields. The Marines' purchase of the 
British Harrier and consideration of a 
German built tank for the U.S. Army 
area few indications. 

Shields would limit government 
controls only to military hardware and 
leave the export of commercial 
technology to industry decisions. 
Bucy. on the other hand, believes it is 
all right to export products but 
believes that U.S. industry should not 
export know-how. Bucy points to lost 
markets in ship building, steel, and 
black-and-white television because of 
the lack of sustained U.S. RlcO. 

The importance of technology goes 
beyond the interest of just the United 



dayman: “Exporting products is obviously what wa all want." 


xu n.” Thus they often ’’ba r gain awa y 
the hird^^rn^ and hard-earned 
technology?*^ 

-“Shields does see instances when 
technology transfer may be in the in- 
terests of U.S. companies and may be 
necessary for business: but he believes 
transfen should be truly a two-way 
str^ io f**Techhgi5gy~transter ari if 
c ^modliies. He ated as an example 
the European purchase of the General 
Dynamics F-16 lightweight fighter. 
Shields believes that it is no longer true 
that a U.S. product can be sold abroad 
just because it is lower in price and 
higher in performance than its over- 
seas competitors. In the case of the F- 
16. the sale would not have been 
made, he said, without joint produc- 
tion agreements which naturally result 
in a certain amount of technology 
transfer. Continued access to the two- 
way street means that “there will be 


States and the other highly developed 
nations. Robert Basil, assistant direc- 
tor for United Nations programs in 
DDR<&£, notes that countries often 
equate their development with 
technological progress. Basil finds a 
basic contradiction in the notion of 
trading high technology with U.S. 

' allies. There is a need for trade and 
cooperation, yet there is also a need • 
for the U.S. to maintain its underlying 
vitality: and this vitality comes in great 
measure from its technological 
progress. Basil believes that the intent 
should not be to control technology. 

He finds a fine line in exporting 
technology where a company must 
“sell it while it has value.” 

WJyle. govern ment and indturrv ' 
^have_their own co ncerns, or ganized—, 
labor equat es the export o f_knaw>how — - 
with the loss of U.S. jobs. “_Myln- j 
naiiQnarwOrp<ffatrohr7ndurging in un- i 
Continued on page ai 
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I Z.Minimum'Wfiifd'arta con- 
jiguratioM, Such a configuration would 
employ an even greater amount of 
tailored aeroelastic deformation than 

( planned for HiMAT now. F-9 shows an 
example of the HiMAT core vehicle 
configured for this demonstration. This 
concept minimizes form and skin* 
friction drag. 

3. Variable' incidence v/ing. This 
may be possible on small fighter air- 
craft. It allows independent shaping of 

( the vertical path and pitch attitude 
degrees of freedom. This capability can 
be used for more accurate pointing and 
to quicken vehicle motion. 

RPRV Profatetos 

Since Dale Reed’s article in 1974. 

S DFRC and the rest of the industry has 
gained considerable experience in the 
operation of RPVs. 

The numbers from several high- 

I technology RPV programs reveal the 
main problem with the concept: they 
crash, on the average of one every 12-15 
flights. This kind of record creates 

I problems with the !ow-cosc part of the 
concept. 

The recovery of an RPRV presents 
another problem. Most of the small 

I operational drones deploy a parachute 
and then a helicopter snares them in 
mid-air (Mid-Air Retrieval, MAR). 
This operation incurs a relatively high 
V risk of loss of the picked-up vehicle. A 
■ parachute does, however allow very 
simple onboard systems, 

I ‘litis mid-air recovery otten will not 
be possible for larger vehicles or 
vehicles which must resemble full-scale 
aircraft- The lack of a parachute then 

( necessitates onboard redundancy or a 
means such as an onboard autopilot 
that will permit the vehicle to take care 
of itself in the event of loss of command 

I signals. The complexity and cost of 
such an approach contravenes the 
"simple, cheap, expendable" concept 
that originally made RPR Vs attractive. 

I The vehicle may still cost less than a 
manned vehicle with a comparable 
technology suite. And it may be able to 
land horizontally most of the time, as 

( tests to date indicate. But we still lack 
the data base to quantify the risk 
associated with horizontal landing. 

The F-15 research vehicle has 

I revealed one other main problem with 
RPRVs— they are expensive to operate. 
The F-15 RPRV program, for e.xample, 

( required about as many DFRC people. 
jO-*0. as did the Lifting Body 
Programs, Total support on flight days. 
80 people, was also comparable to the 

1 Lifting Body Program. 'Hiese numbers 
indicate that, to be economically ad- 
vantageous over the life of the program, 
the initial purchase pnee of an RPRV 
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must be signincantiy lower than that of 
a manned aircraft. 

Three other RPV problems often 
cited do not. based on our experience, 
present major problems: 

1. RPRVs in general imply scale 
testing. The effect of scale on the 
validity of a technology demonstration 
must be considered. Once tlie designer 
departs from linear dimensions, he 
must compromise similitude in other 
areas. By proper consideration of 
scaling laws, however, he can usually 
maintain important parameters and 
obtain valid technical information. 

2. The pilot control task for 
horizontal landing currently involves a 
very high workload. Numerous studies 
are planned at DFRC in the near future 
to investigate improvements to the 
control modes and crew station. VVe 
think relatively simple pilot-assist 
features can significantly improve the 
current situation. 

3. Internal volume for flight-test 
instrumentation is restricted in scale 
RPRVs. By using miniature electronics 
and sizing some sensors to serve 
multiple purposes, instrumentation 
volume will likely be acceptable. 

Future of RPRVs 

Low cost and the ability to conduct 
high-risk tests chiefly make RPRV 
testing attractive. Examples of 
technical areas that surely expose a 
pilot to undue risk include flutter 
testing, flutter mode control through 
active-controls technology, and aircraft 
powered by laser energy beamed up 
from the ground. But not many 
technical test areas drive the pilot from 
the cockpit. 

The more important incentive for 
remotely piloted testing appears to be 
cost savings. The ability to test at a 
smaller scale and therefore lower 
weight inherently lowers vehicle 
acquisition cost, as depicted in F-IO. In 
addition, certain shoncuts can be taken 
in construction because of the ability to 
accept a higher risk and because there 
is no need for man-rating qualification 
tests and other factors of safety. 

‘The pilot-vs.-RPRV decision must be 
made very carefully, however, on a 
case-by-case basis. For instance, in 
some situations a reduction in scale 
cannot be tolerated, and other; 
demand the exercise of ihe man/ma- 
chine interface. These cases wUI argue 
piloted flight research. 

The engineer should view RPRV 
flight testing, we believe, as another 
tool that can supplement manned 
testing. To meet each flight-research 
need, he must weigh the costs and 
benefits, as always, and apply the most 
appropriate tool. ■ 


Continued from page 1 7 
bridled pursuit of corporate profits 
pose a direct threat to the economic 
: health of the USA.” warns l.W. Abel, 
president of the Industrial Union 
Depafimeni. AFL-CIO, “Loss of 
; American jobs, the siphoning off of 
technological advantage, and the 
flight of American investment capital 
: are now making themselves felt on a 
j wider scale.” 

I According to the AFL-CIO, the 
issues of exporting technology and the 
operations of multi-national cor- 
porations are closely linked. The AFL- 
CIO says that . .The multi- 
nationals have managed to put the 
United States in competition with it- 
j sdf-75®7o of this exported U.S. 

! technology goes to foreign subsidiaries 
of U.S. -based firms.” The trade union 
goes on, “Technology, itself, has 
become our fastest growing export. 

I U.S. firms, mostly multi-nationals 
i have been selling off America's 
j technological advantage at an ever- 
I increasing pace. U.S. receipts, in a 
j form of licensing, royalty and 
management fees, from overseas 
technology buyers grew from 5650 
million in I960 to S3. 6 billion in 1974. 
U.S. firms now account for between 
50 and 60*7i) of the world's technology 
exports. The next highest exporter, 
Britain, provides 12^9.” 

The export of technology by 
American industry is a short-sighted 
decision to gain quick profits, asserts 
Jacob Cayman, secretary-treasurer of 
the AFL-CIO’i Indusinai Union 
Department. “This is terribly un- 
fortunate because either in the long 
run or the short run we lose the 
capacity to maintain our leadership in 
world production.” Cayman says he 
and other American businessmen were 
raised on the premise that the great ad- 
vantage the U.S. has in terms of both 
exports and production generally 
comes from our preeminence in 
technology. “And here we arc wiily- 
nilly shipping out the one advantage 
we have -our birthright, our shield, 
our edge in the competitive world. We 
are deeply concerned as to its con- 
sequences," Cayman told A lA in an 
interview. 

Cayman would rather be exporting 
U.S. products than technology. “Ex- 
porting produc:: is obviously what we 
I all want. .A .nation like ours cannot tive 
without some kind of serious ex- 
portattonof products.” 

Asked about the effect on tne U.S. 

Contmusd on page ag 
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to the Viking Orbiter vehtde class 
delivers 950 lb of thrust on 
bipropellants. 338 lb on monopropel* 
lant. It incorporates night-qualified 
Mariner 73 catalytic reactors, a coaxial 
gas/liquid injector, and a coated 
columbium alloy thrust chamber 
cooled by radiation and a ducted film 
of hydrazine decomposition products. 
Vacuum specific impulse exceeds 304 
sec at 40:1 expansion ratio with 12% 
Bim cooling. 

An advanced 600/214-Ib-thrust 
F 2 /N 2 H 4 version, which has the 
potential to deliver over 370 sec specific 
impulse, and could team up with space 
storable systems for planetary ex- 
ploration. has reached the ex- 
perimental engineering phase. Aerojet 
in 1972 demonstrated the basic 
feasibility of bimodal operation with 
fluorine and hydrazine. It has per- 
formance and durability verification 
tests underway. The engine in- 
corporates Aerojet’s radial inflow 
catalytic reactor and vaned oxidizer 
injector, and a reinforcsd-graphite 
lined thrust chamber overwrapped with 
ablative material. I ^ 

A 100.000 ib-sec total impulse water 
electrolysis propulsion system under 
development by Marquardt for AFRPL 
offers significant advantages for Air 
Force satellite propulsion in the late 
1970s and beyond. These advantages 
include 350 sec specific impulse 
compared to 230 sec for hydrazine 
monopropeilant. and a 4Q% weight 
saving on a 3C00-lb. seven-year-mission 
sateiiite. In addition, the engine will 
have a safe, non-toxic propeilant 
exhaust, a ciean water vapor plume, 
and consume a small amount of power. 

The concept (F-I3) combines inert 
propellant storage with high-energy 
propellant combustion by electrolyzing 
stored water as required to form 
gaseous hydrogen and oxygen which 
are burned. The gas generation rate 
can be matched to the mission and 
electrolysis carried out continuously. 
Continuous conversion reduces needed 
electrical power to below 20 w. 

Two continuous tests of 14 and 19 
weeks produced no signs of 
deterioration and showed that the 
system could last a seven-year mission. 
During those tests, a 5-lb-thrust engine 
produced 152.015 pulses totalling 4.16 
hr of firing time, and a 0.1-ib-thrust 
engine produced 301.726 pulses 
totalling 10.07 hr of firing. At its 
completion in August 1974, the 
demonstration was judged successful in 
all aspects. 

The future of liquid rocketry will 
grow from a fertile base of ac- 
complishment. In just three decades, 
mankind has developed and refined the 
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technology for thrusting into space. He 
has built spacecraft that have extended 
his senses far out into the solar system. 
He has proven that man can survive 
and function for long periods in space. 

Apollo and Skylab should prove 
difficult to top. The remainder of this 
century promises few comparable space 
spectaculars, except, perhaps, the view 
of a huge Shuttle Orbiter standing on 
its tail prior to launch. Emphasis will 
shift to the systematic exploitation of 
space to expand our knowledge and 
improve conditions on Earth. At least 
through the end of this period we see 
liquid rockets playing a leading role in 
space propulsion. 
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Continued from page 4t 
job market on the exportation of 
technology, dayman responded this 
way: “We’ve not figured precisely 
how mar./ jobs can be allocated to the 
shipment of technology or the 
allocation to the exportation of 
capital. But we estimate, because of 
multi-national corporation activities 
abroad, the U.S. has lost roughly 1.8- 
million jobs.” dayman believes that 
multi-nationals are “acting directly 
against the best interest of the U.S. 
economy and the U.S. people.” 

U.S. tax policy in good measure has 
prompted expansion of the multi- 
national corporation since the end of 
World War II. According to AFL-CIO 
estimate, the effective tax race on total 
foreign sources of income of 
American corporations was about 
5.1% in 1970. At the same time, the 
100 largest U.S. corporations paid an 
effective domestic tax rate of about 
26.9%. 

Benefits available to multi-national 
corporations include the following: 

-Special tax breaks for businesses 
operating in Latin America as Western 
Hemisphere trade corporations. 

- Government-subsidized loans and 
credits for trade through the Export- 
Import Sank. 

-Government underwriting of in- 
surance against expropriation and 
other special risks to the overseas 
private-investment corporation. 

-A 50% tax deferral for exporting 
firms (domestic international sales 
corporations^. 

-Foreign tax credit against U.S. 
taxes. 

- Liberal tax-deferral provisions. 

This rising expression of concern 

from the labor movement regarding 
the sophisticated aspects of the cor- 
porate structure is reiatively new. In 
the past, the labor movement stuck to 
wages, job safety, hours, and other 
issues directly related to the working 
environment. 

Labor's course of action against the 
multi-nationals and the e.xport of 
technology “essentially has to be 
legislative in trying to procure the in- 
tervention of government by law/’ 
says dayman. “We will be, I am sure, 
active in that field for years to come. It 
is hardly feasible to attempt to cure 
this kind of deep-rooted problem by 
simple labor/management negotia- 
tions; it of necessity requires the ap- 
plication of federal authority.” 

The labor movement generally sup- 
Contmucd on page 67 

49 


Continutd from p«gt 49 
ported the proposed Burke-Hartke 
legislation, which had provisions con* 
trolling the export of technology. In 
supponing such legislation, dayman 
says, “we would want some govern- 
menul controls because as it Is now. 
without controls. American cor- 
porations are behaving in our 
judgment in an irresponsible 
fashion.*' 

While (he proposed Burke-Hartke 
legislation never got anywhere. 
Cayman finds a “rising support -a 
rising tide of concern and indeed re- 
sentment against the American multi- 
national corporation.** dayman says 
that this view is also shared by other 
nations. 

The traditional labor action of a 
strike remains a “potential weapon" 
to influence management not to ship 
production abroad and cause loss of 
jobs. “Whether it will be used I don’t 
know," says dayman; “we haven’t 
used it so far, but it may indeed be a 
possibility for the future. If people get 
desperate enough about their jobs, 
they behave in that fashion. It isn’t in- 
conceivable." 

Gus Weiss, senior staff member of 
the Administration's Council on In- 
ternational Economic Policy, believes 
the evidence does not support the 
position chat the export of 
technological know-how has been 
detrimental to U.S. industry. He poin- 
ts to the balance-of-payments figures. 
Dr. Weiss notes that the high- 
technology industries show a S28- 
billion surplus. Thus, he says, industry 
seems to be taking care of itself. Fur- 
ther. the technology is in the private 
sector and not the government sector; 
and government does not have direct 
control of ail private technology. If 
government were to control all high- 
technology exporting there would be a 
need for a larger mechanism for 
analysis; and Weiss claims the 
management job would be “almost 
impossible." He suggests that the 
transfer of technology is ail right so 
long as there is a strong R8tO program 
to keep U.S. industry ahead. 

Shields believes that neither industry 
nor government can prevent the tran- 
sfer of technology in the long run. but 
only delay it. The Pentagon official 
suggests using this delay wisely > to 
create new U.S. technology. Thus the 
constant concern of aerospace and 
other industry leaders for the real level 
of R<kO funding. - Robert Hudock ■ 
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grass ct the International As- 
tronautical Federanon (lAF) at tne 
Ananeim Convention Canter Oc- 
tooer 10-16. Or. George E 
Muetler is Chairman of ^ie 
Host Committee for the 
Congress wmch has seen 
designated a Bicentennial Event 
by the American Bevoluticn 
Bicentennial Admmistraoon. ■ lAF 


76 will bring together intemaDonai exoerts m the vanous 
fields of space tecnnoiogy for six days of technical meet- 
ings. The Congress will focus on the theme ’A New Era of 
Soace Transportation. * The program is being estaoiisned 
by an intemadonal Progracn Committee of the lAF. co- 
cnaired by Professor Andre Jaumotte of Belgium ana P’o- 
fessor G.G. Chernyi of the Soviet Union. The session 
topics will include Communications Satellites. Meteorology 
and Data Collection Satellites. Space Data Processing ano 
OisseminaDon. Large Energy Systems m Space. Matenals 
Processing in Space. Solar System Exploration. Soace 
Medicine and Life Support. Apollo-Soyuz Pesuits. As- 
trodynamics. Matenals and Staioures. Propulsion and 
others. In addition, a Coiloquium of the Internaaonal insti- 
tute of Space Law will review the Future of Soace Law. 
Space Law and Energy, and the Relationship between Air 
and Space Law. (See Call For Papers. A&A December 
1975 issue) The Intemationai AstronauDcat Federation, 
established m idSO. currently has 36 member Societies 
from 35 nations, representing more than 50,000 engneers 
and soentists. Leonard Jaffe, Deputy As- 
sociaie Administrator of NASA's Office of »- 
Applications, is the 1 976 President of ^ 
the IAF ■ Travel and hotel 

accommodation will be g ■ ■ ; 

handled througn Caroiilo 
Travel Agencies. P.O. Box 
24590 LbS Angeles, 

California 90024. For ad- 
ditional information con- 
cerning the Congress, 
wnte or call AIAA. *290 
Avenue of the Amencas. 

New York. N.Y. 10019. 

Tel: 212-581-4300. 
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- PAOIE IS POOH 

The thumbs on the trade scales 


Analysts of international problems tend to for- 
g;et that the U. S. is the only great industrial 
nation that still maintains an arms-tength rela< 
tion between business and government. Ameri- 
can companies in many of our most essential in- 
dustries are increasingly forced to compete, not 
just with their counterparts abroad, but with 
foreign national governments. 

Under these conditions, industry in the U. S. 
is compelled to live— or die— by one set of rules 
while its adversaries around the world play the 
game by totally different rules that too often 
are divorced from the proht system and bear 
little or no relationship to costs of production. 
This situation raises a serious question as to 
whether any American company in a manufac- 
turing industry can compete with government- 
owned, government-directed, or govemment- 
subsidiz^ foreign (inns and cartels that do not 
have to confront the ultimate discipline of the 
free market system. 

The double standard that prevails in inter- 
national trade makes our domestic market-the 
largest and most lucrative in the world-easy 
prey for foreign producers. 3y dumping, preda- 
tory pricing, and other practices that amount to 
the same, foreign-owned or subsidized com- 
panies have systematically and inejtorabiy cap- 
tured key markets. In the short run, these im- 
ports ma/ appear to benefit the consumer, but 
in the longer run they leave our domestic com- 
panies unable to meet the needs of the economy. 
Then, when shortages develop, foreign suppiie.rs 
can charge a significant premium for their prod- 
ucts, as they did in 1973 and 1974. 

Please do not misunderstand. I believe in free 
trade, and I am prepared to let the principle of 
comparative advantage determine who wins 
and who loses in the contest for markets. But I 
insist that free trade cannot exist without gen- 
erally equal rules, with ail parties competing on 
the l^is of costs, technology, and productivity. 

Lopsided. Tragically, this kind of free and fair 
trade rarely exists in the real world. This reality 
has been dnven home to me by my corporate ex- 
perience in recent years. As president of a com- 
pany that is a primary producer of specialty 
steels, I have personally witnessed the destruc- 
tive impact of a lopsided trading situation on 
this important American industry. 

Specialty steels are absolutely essential to ev- 
ery major manufacturing industry in the U. 3.- 
to all the energy industries, aerospace, commu- 
nications, transportation, chemicals, food pro- 
cessing, and more. There is no economic activity 
in our society that does not require specialty 
steels. Yet in 1973 imports captured 60^ of t.he 
domestic market for some specialty steel prod- 
ucts and helped increase unemployment in the 
industry to levels as high as 40%. Shipments fell 
by more than 45% from 1974, exaggerating the 
already serious impact of the recession. 


The gains of the foreign producers are not j 

based on superior technology. Foreign specialty 1 

steel producers conceded at recent hearings be- : 

fore the International Trade Commission that | 

American companies are at least their match in j 

the realms of technology and productivity. 1 

.American companies are losing their markets i 

because they cannot afford to match the dis- I 

counts of up to 50% that foreign stainless steel j 

and tool steel producers offer our .American cus- j 

Comers. We have found that no matter how j 

many times we lower our prices, foreign produc- j 

ers will lower them further. 

How can they afford to do it? Quite simply, 
most of them do not have to be concerned about 
profits. More than 70% of the world’s steel ca- 
pacity is now either government-owned or 
heavily subsidized. In Britain, the steel industry 
is almost entirely owned by the government, , 

and in 1973 it lost more than S500 million. In j 

spite of this, the British government is provid- j 

ing or guaranteeing funds for a S2J billion cap- ] 

ital program for steel. One might ask whether j 

any investor-owned company in the U. S. could j 

ignore such losses and proceed with major e.x- j 

pansion. • 

Japanese specialty steel producers, nearly all i 

operating in 1973 at substantial losses, were en- j 

couraged to form "recession cartels" to control 1 

production and prices as well as canels to con- i 

trol pricing of imported raw materials. i 

In addition, the Japanese Macional Bank has i 

provided "Impact loans" to specialty steel com- i 

panies, which have enabled them to continue 
selling in the U. S. market at prices far beiow 
ours, even though U. S. prices for some products 
have been reduced by more than 20%. 

In Sweden, as Prime Minister Olof Palme 
confirmed in his interview 'jrith 3USI.NESS week 
in December, specialty steel producers receive 
government loans and grants to carry excessive | 

inventories. The government will not permit j 

them to lay oif workers when demand falls. | 

French producers receive government aid "to 
carry them through the present difficult period." ; 

I 

Trade policy. Our industry is not the only one 
facing this problem. Many others, equally vital, i 

are being attacked in the same fashion. U. S. 
flag airlines, stockholder-owned, fight desper- ' 

ateiy to remain viable against government- 
owned foreign airlines, which need not conce.'m 
themselves with profit. The Japanese computer 
industry is being heavily subsidized by :ts gov- 
emment so that it may compete more eJfec- 
tiveiy worldwide. .Many foreign auto producers 
have their governments as significant part- 
ners— in terms of ownership and even .more im- 
portant in terms of economic objectives. 

T oughout moat of the world there is a perva- 
sive attitude of cooperation between govern- 
ments and industries. 

It is dear that many nations of the wond are 
SUSiNESS WEEK: Peooja/y 9. 1975 1 1 
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becoming more and more involved in economic 
areas which we view as the **private sector" in 
the U. S. As these nations give their backing to 
industhes'they consider economically strategic, 
we here must rethink, the broad question of 
trade policy. What is the meaning of free trade 
if the competing companies do not have to play 
by the same rules? Is competition really compe- 
tition at all in such a game? Does the theoreti- 
cally attractive concept of comparative advan- 
tage have relevance in an environment such as 
this? 

America's superior technology still gives 
many of our industries an edge over foreign 
competition. However, as we continue to export 
our technology to the rest of the world this ad- 
vantage is not as telling as it once was, and it 
will b^me less so in the years ahead. .\t some 
point-and the sooner the better in my opinion- 
we must face the fact that the {^rowing f oreign 
government involvement m ousiness is a way" of 
e.x'pbTting tH'^r unemployment ttrthrUT ST 

Cbngr^ sbughf to correcf parts of the prob- 
lem with the 1974 Trade .A.ct, which was de- 
signed to provide .American companies and 
workers with relief if they can prove that im- 
ports are a substantial cause of injury. But the 
broader issue I have raised remains to be exam- 
ined. Can any U.S. company effectively com- 


pete or be e.xpected to compete with foreign- 
owned or foreign-subsidized companies that are 
used as instruments of national economic and 
political policy? 

The new "world economics" being practiced 
worldwide clearly requires public debate and 
appropriate action. 

Such action should start with an immediate 
investigation by an appropriate Congressional 
committee, recognizing that indeed there are 
"new dimensions" to the subject of inter- 
national trade. If existing legislation permits, 
temporary quotas should be applf^to products 
where producing companies are clearly victims 
of unfair competition. If new legislation is 
needed, the committee should recommend it. 
Having taken these temporary measures. 


Congress should then begin e.xamining t.he 


broad issues of world economic competition in 
an effort to nnd a longer-term solution. It has 
become increasingly clear that "black-hat- 
white-hat" logic no longer describes free trade 
and protectionism. .All imports are not necessar- 
ily good, nor are they all bad. The label "protec- 
tionism" must not stop us from seeking ways to 
protect .American companies, .American jobs, 
and American self-interest from predatory 
practices that would be illegal under .American 
law. 
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The same people who bring you fine paint 
bring you the fine tools you use to put it on. 

That includes rollers, brushes, spray equipment. 

In fact, we make and sell more rollers and brushes 
than anybody else in North America. 

Now it s not too surprising that Sherwin-Williams makes and sells paint brushes as 
well as paint. 

But suppose we told you we make flavorings for all sorts of foods? Colorants for faded 
denims? Aromas for perfumes? We do. .And were also taking the heat off a lot of 
manufacturers with our energy-saving coatings. 

Obviously, if there’s anything we don t do, it’s paint ourselves 
into a comer. ®53»RODUClBlLlTy OF THE 
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MULTILATERAL AERONAUTICAL DEVELOPMENTS 


Position Paper (Draft) 


INTRODUCTION 


This paper Is a preliminary Investigation of multilateral aeronautical 
developments and addresses the following areas: 

• Trends 

t The Nature of These Developments 

• Possible Effects 

t Conclusions 

t Implications for U.S. Aeronautical R&T Policy. 

TRENDS 


Post World War II U.S. hegemony in commercial aircraft development 
and production Is an unarguable fact with which we have become quite comfor- 
table. The U.S. has produced nearly 80 percent of the free world's trans- 
ports. Further, In the mid**seventies it has been estimated that with an 
aeronautics trade balance of about $6 billion annually, aeronautics can be 
counted as one of the strongest elements In our foreign trade picture. 

Historically, there are many well known reasons for this undoubted 
dominance, among them, World War II destruction of foreign plants (save British), 
Cold War military aircraft buildup and the attendant synergy with civil aviation, 
U.S. airframe company superior efficiency, superior financing, fine post-sales 
follow-up support, and recently, devaluations of the dollar. 

There is good reason to believe that we are now at a crossroads for 
the U.S. comnercial aircraft industry. At present the industry is in a hold- 
ing pattern- current orders and sales are weak and new developments have been 
slowed. Nevertheless, the development of the next new generation of trans- 
ports may not be long in coming, and this is the time for taking stock. In 
at least two fundamental areas there are significant changes in underlying 
parameters affecting U.S. commercial aircraft developers; (1) the civil- 
mil itary/ space interaction; (2) the increasing difficulty of financing de- 
velopment of new aircraft. 

The civil-mil itary interaction in the past has provided four important 
functions ; 


First, it provides funding through direct research and 
development (R&D) and indirect R&D expenditures on sales. 

Second, it provides stimulation to the technology be demand- 
ing new performance capabilities that are not currently 

available Since World War II there has been a clear 

flow of technology from military aircraft to long-range 
civil aircraft, and finally, to short-range civil air- 
craft.... Third, the military orovides a test bed for 
new concepts that can be tested on a military aircraft 
rather than on a civilian aircraft (keeping civilian 
aircraft safe). Military security requirements also 
provide a pad on technology transfer that keeps certain 
advanced technology for the U.S. i/ 

- Boor Allen Applied Research, Inc., Competitive Factors in World Civil 
Aviation, 19/2, p. 14. 


In each of these areas a case can be made that this interaction is growing 
increasingly weak. Rockets and unmanned aircraft are in ascendence; cost 
plus fixed fee contracts were for a time largely abandoned; and in general 
military requirements are becoming less adaptable to civilian needs. The 
point at issue is not one of military subsidy of commercial development, but 
of the past strong and now weakening cross-fertilization and synergy between 
military and civil aircraft development. 

The second increased difficulty for a U.S. aircraft manufacturer is 
the huge development cost for a new aircraft coupled with the extreme risk. 
The 747 cost nearly $1 billion to develop while the A300B is estimated at 
$982 million and the Concorde at $3.1 billion.!/ This, coupled with spotty 
profitability records in the airframe industry for the current generation 
of aircraft, make private financing, unaided by government, a risky proposi- 
tion. A related problem is the consistent U.S. record for multiple develop- 
ment of each generation of aircraft (707-DC8, LlOll-DClO, 737-DC9, etc.) It 
has been demonstrated?/ that this unfortunate characteristic of U.S. plane- 
making is on balance wasteful, and that because of it (despite claims to the 
contrary), i/ the overall financial picture of U.S. commercial plane builders 
has never been good. 

It is little wonder then, given this increasingly hostile environ- 
ment, that commercial aircraft (and engine) companies have sought to share 
their risks with foreign producers and governments, and have called urgently 
for U.S, Government aid and regulation in new aircraft development. The ex- 
tent to which foreign governments and producers have responded by offering 
to share development (and hence technology) with U.S. producers is investi- 
gated next. 

THE NATURE OF MULTILATERAL DEVELOPMENTS 
Commercial Aircraft 


The future direction of these developments can be illustrated by 
examining some aspects of the current situation relative to the next commer- 
cial jet. 


A short- to-medi urn run, 200 seat aircraft is contemplated, with 
emphasis on fuel and operating economy as well as low noise.?/ It is needed 
in perhaps 4-5 years to start replacing 707* s, DC-8's and 717* s. However, 

?/ .... 

— ”The Challenge of Foreign Competition" Aerospace Industries Associaiion, 

March 1976 

^ Sidney L. Carroll, An Economic Analysis of the Ai>frame Industry in the 
United States , Harvard University, unpublished dissertation, 19/1. 

Donald Kyle, Diana Nagel, Robert Wood, The Economics of Air-Transport 
Manufacturing: Volume 1: Industry Analysis , NASA CR 137502, May 1974. 

— Business Week, 12 April 1976. 
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U.S. manufacturers cannot get advance orders from U.S. airlines (as has been 
the case previously), and all manufacturers are seeking development and pro- 
duction partners overseas. Boeing's contender is the 7X7; McDonnell -Douglas' 
appears to be the DC-X-200. Overseas competitors are putting forth plans for 
a 200 seat A-300 and a stretched Mercure to accommodate 150 seats. 

Selected aspects of Boeing's 7X7 program are cited in Table 1; other 
significant multilateral developme'^ts are noted in Table 2. Both tables 
illustrate a high degree of interaction between U.S. and foreign manufacturers. 

Alternative Forms of Multilateral Interaction 


Deals and arrangements with foreign companies can take numerous forms. 
Some of these forms are (1) subcontracts (e.g., for parts of an aircraft), (2) 
production licensing (complete transfer of production technology to another 
country), (3) joint development (as in the Concorde), (4) direct investment 
in foreign companies, and (5) direct sale of technology in the fcTi of patents. 
Studies carried out or sponsored by the National Science Foundation have ex- 
plored three categories, including (1) exports of products, (2) licensing of 
technology, and (3) foreign direct investment. Some of the results of these 
studies will be examined later in this paper. 

POSSIBLE EFFECTS OF MULTILATERAL DEVELOPMENTS 

Geney^al 


No simple assessment of multilateral deals as "good" or "bad" could 
be accurate. There are, as in most instances, possible favorable and unfavor- 
able aspects, depending upon the particulars of each. However, generally "good" 
points from the individual company standpoint and the government's standpoint 
and "bad" points from firm and industry standpoints are reviewed below. 

A multilateral deal at its best can aid an aircraft company in at 
least the following ways: (1) Reduce and share the risk . With one or more 
partners the risk of loss for each is less, and the capital raised by each 
less. (2) Reduce front end cash flow . New transport programs (for example) 
take huge outlays at the beginning of the project before any revenues are 
generated. (3) Expand markets . For many reasons the multilateral endeavor 
may be the only way to participate in a foreign market. (4) Garner foreign 
technology . Foreign-developed advanced technology may only be available in 
this way. Possible favorable aspects at the national level are (1) expanded 
sales and positive contribution to the balance of payments, (2) maintenance 
of health and vigor of Free World foreign aircraft industry, and (3) in 
general, giving a piece of the action to friendly foreign governments is 
helpful to foreign policy. 

Against these favorable points opponents often cite possible un- 
favorable aspects of the arrangements. Some of these are (1) losses to 
foreign companies of sales, jobs, and investment, (2) honmorrhaging of R&T 
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TABLE 1 

SELECTED ASPECTS OF BOEING'S 7X7 PROGRAM 


BOEFNG 7X7 


• Grew Out of QSH Project With Aeritalia (Joint Manufacturing/ 
Marketing Agreement in May 1971) 

I Current Program Gives Italian Consortium Procuction 
Participation 

I Boeing Statement Says Aeritalia has 20% of Program 

I If CFM 5G Engine Selected^ French Will Have 50% of Engine 
Program 

I If JTIOD Engine Selected, Germany and Italy Will Participate 

IN PoWERPLANT DEVELOPMENT AND PRODUCTION 

I Japan (Mitsubishi Consortium; Trying to Join Program, After 
Dropping Own YX Transport Program 

I Could Involve Cooperative Effort on New Wing to be Used 
Both on 7X7 and A-300B Transport 

I Timetable: First 7X7 in 1980-82 Period; Generally a 

Derivative of 727 

Source: CMS Market Intelligence Report, September 1975 
Aviation Week, 16 February 1976 


TABLE 2 

OTHER SIGNIFICANT MULTILATERAL DEVELOPMENTS 

nO UGLAS/DASSAULT-BREGUET 

6 Douglas Builds Fuselage Barrel Extension and Provide 
Technical and Sales Support for Mercure 200 

I Dassault Fund Development of IIigh-Aspect-Ratio Wing 
for DC-X-200 

DQUGLAS/AEROSPATIALE 

9 Cooperative Venture on Advanced Versions of A-300B 
Transport 


LQCKHEED/DASSAOLT-BREGUET 

I New Wing/Possible Engine Change for Mercure 200 
I Possible use in U.S. Markets 



I 


I 


CFM International^ A Joint Company (Founded in 197^) 
CFM 56 Engine 

Ideal for BAC 111, DC-9, Mercure, 727, Trident, A300, 
707, DC-b-60 

50/50 Split, Overall Program Management and Single 
Customer Interface for Sales and Services 


P8W/R0LLS ROYCE, ETC. 

I Consortium to Manufacture JTIOD-2 10 Ton Engine 
I Compete With CFM5 6 


to foreign companies (this can be a two-way street), and (3) negative balance 
of payments effects. Because of the multiple possible favorable and unfavor- 
able effects, no blanket judgment can be given about whether this movement 
Is overall “harmful" or "helpful." 

Overview of Recent Testimony and Selected Earlier Studies 

Testimony at the May, 1976 Congressional Hearings on the "Future of 
Aviation" gives the most recent Industry views on multilateral agreements. 

Table 3 summarizes pertinent testimony which Is available at this date. (To 
be updated as additional data becomes available.) This testimony is in general 
agreement with previous studies by the NSF and others. As a brief overview. 
Table 4 cites some of these results relative to Industry In general whereas 
Table 5 lists results specific to the aviation Industry. 

CONCLUSIONS 

From a review of the overall trends, current situation as well as 
a variety of study results, the following conclusions are shown: 

t Multilateral aeronautical developments are inevitable 
based upon the current U.S. position and international 
trends. 

§ Direct transfer of R&T does occur via patent and licens- 
ing agreements for which payments are received. 

• Most products involved in multilateral developments 
appear to be based upon "old" or well known R&T re- 
sults. 

§ A limited number of products involved in these de- 
velopments may be based upon "new" or recent R&T 
results. 

• The potential for "inadvertent" transfer is limited 
since R&T results generally precede products by 
many years and most of the developments deal with 
products. 

• However, some threats may exist in short lead time 
areas (e.g., manufacturing/production processes). 

0 R&T results in general are produced in a highly 
dynamic manner and represent a highly fungible 
commodity (e.g., people transfer, open literature, 
etc. ). 

0 The strength of a U.S. company's bargaining posi- 
tion depends upon possession of advanced technology. 
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TABLE 3 

RECENT CONGRESSIONAL TESTIMONY 
(THE FUTURE OF AVIATION) 


Mr. Frederick Bradley, VP, First National City Bank 

• Financing Future R&D for advanced technology civil aircraft 
uncertain due to U.S. airline financial problems and due to 
difficulty and cost of obtaining long term financing. Inter- 
national joint ventures are providing one element of problem 
solution. (Chairman Milford doubted advisability of tech- 
nology transfer abroad resulting from this solution.) 

Mr. Gus Weiss, Staff Council on International Economic Policy, White House 

• Major payoff for foreign joint ventures is capital availability 
to solve large program cash flow problems. Additionally, we ob- 
tain share of European market and acquire some European tech- 
nology. G.E/Snecma agreement mated a French low pressure fan 
section with B-1 hot core to develop a low-noise, low pollution 
and more efficient engine (not possible without this agreement). 
Joint G.E./P&W effort not possible due to anti -trust laws and 
competitive posture (Subcommittee not satisfied that security 
arrangements on B-1 core would prevent technology transfer of 
this crucial military development). 

Mr. Jack Hope, General Manager, CFP Program Dept., G.E. 

e Motivation for foreign joint ventures is capital availability, 
reduction of financial risk, access to fastest growth markets 
and availability of ac'ditional R&D dollars. Engine life cycles 
are such that at release for production, engine is 6-10 years 
behind current technological capability (assuming continuing 
R&D progress). G.E./Snecma deal is pioneering a new path in 
U.S. /European joint ventures. CFM-56 is a major new market 
(20-30K# Thrust) between lOK# and 50K# thrust engines. Product 
does not reveal schedule, cost, manufacturing techniques and 
other development secrets. 



TABLE 4 

RESULTS RELATIVE TO INDUSTRY IN GENERAL 


STUDY RESULTS 

SOURCES 

Firms prefer exports to foreign direct 
Investments and foreign direct Invest- 
ments to licensing 

NSF, The Effects of International 
Technology Transfers on U.S. Economy, 

Colloquim in Washington, D.C. 17 
November, 1973. 

Firms tend to license their technology 
aboard more readily than in U.S.-ln 
order to protect U.S. markets and ob- 
tain access to foreign markets 

R.W. Wilson and M.J. Peck, The Sale 
of Technology Through Licensing, 

Yale University, P8 244-158, May 1975. 

Royalty payments for an invention are 
well below the value of Invention to 
license 

Same as Above 

Foreign direct Investment makes a small 
contribution to International defusion 
of technology- Investment occurs in 
countries where competitive firms al- 
ready exist 

W.F. Finan, The International Trans- 
fer of Semiconductor Technology 
Through U.S. -Based Firms, NBER, 1975; 

A. Lake, A Study of the Introduction 
of Innovations in the U.K. Economy, 
NSF Grant, 1975. 

Overseas activities by U.S. firms are 
beneficial 

- Increase exports and stimulate 
domestic employment 

- Provide means of acquiring foreign 
technology 

NSF, Technological Innovation and 
Federal Government Policy, Jan 1976. 


Available knowledge inadequate for 
assessing whether U.S. economy, on 
net, benefits from international 
technology transfer; many specific 
industries have benefited 

G. Hufbauer and F. Adler; Overseas 
Manufacturing Investment and the 

Balance of Payments, Dept. Treasury, 
1!?^68; C. Freeman, R&D in Electronic 
Capital Goods, National Institute 
Economic Review, Vol . 34, Nov 1965. 

Available evidence suggests that U.S. 
should maintain present policy 

- Except for national security 
considerations 

- No evidence, on net, that these 
have hurt U.S. economic welfare 

NSF, The Effects of International 
Technology Transfers on U.S. Economy, 

Colloquim in Washington, D.C., 
17 November 1973. 
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TABLE 5 

RESULTS SPECIFIC TO THE AVIATION INDUSTRY 


SOME SELECTED STUDY RESULTS 

I Effect of Transferring Technology With a Long Lead Time to Production 
Must be Very Low 

I Open Literature Assures That Breakthroughs Widely Disseminated 

• Transfer of Long Lead Time Basic/ Applied Research is Probably Beneficial 

I Transfer of Manufacturinj Expertise or Technology With Short Lead Time 

TO Production can Have Effect on Competitive Capabilities of a Firm 

I Licensing Fees can Provide Funds in U.S. for Further Development 

- E.Gw Manufacture of Engines (GE-SNEOMA) 

- Tend to Counterbalance Gains by Foreign Manufacturer in Learning 
About our Manufacturing Technology 

I U.S. Receives Information and Funds When Technology Shared 


Source: Booz-Allen Applied Research, Inc., Competitive Factors In World 

Civil Aviation, NASA CR- 114447, August l97Z. 


SOME SELECTED STUDY RESULTS 

I If Current Trends Continue. U.S. Will Lose Out in Medium and Short 
Haul Aircraft Market 

- Outright Subsidies of Foreign Industry 

- Decrease in Technology Transfer From Military Sector in U.S. 

I Favorable European Position Not Due to Infusions of American Technology 

- Development Trends Proceeded in Parallel With Little Crossover 

~ AMERICAN Position Probably Been More Favorably Affected by Any 
Interchange Due to Gr.j^ter Ability to Apply Technology 

I Most Effective Interchange of Technology on Interpersonal Basis 

- Little Evidence of Any Effects of Such Exchange in Aviation Industry 

I U.S. Should Adopt Policies Supporting R&O on Technology Intensive Industries 

I U.S, Aviation Industry Probably Benefitted From Any Exchange of Technology 
Rather Than Suffered 


Source: Forecasting International, Ltd., How Technology Transfer Affects 

the Competitive Position of the U.S. in the World Aviation 
Market/ NASA CR~ 114448, 3 March 1^72. 



• Previous studies, in the main, appear to suggest: 

“ Available knowledge is inadequate for a conclusive 
statement regarding the net benefits of these de- 
velopments, and 

~ The U.S. should maintain its current policy. 

IMPLICATIONS FOR U.S. AERONAUTICAL R&T POLICY 

Reiterating some of the reasons already stated herein, the current 
move to cooperative activities with foreign aviation firms is almost com- 
pelled by financial exigencies, government actions, and the profit motive. 

At any rate, continuation of the use of multilateral arrangements- good or 
bad- seems inevitable. The most salient point of the movement is that it 
reflects much more competition for U.S. firms. Foreign governments are 
increasingly funding R&T and production projects. The ability of U.S. firms 
to participate in joint arrangements and the strength of their position in 
bargaining for these deals depends vitally on their (U.S. firms) possession 
of the most advanced technology. NASA funding goes directly toward pro- 
viding the type of advanced technological capabilities that are at the 
cutting edge of the formation of joint ventures. As competition from foreign 
entities grows, OAST-type research gains even greater importance for the 
competitive strength of U.S. aircraft firms. 

Considering all of the facts, trends and study results to date, the 
following overall implications are drawn: 

» No fundamental change should be made in current policy 
(long lead time R&T and excepting matters of national 
security) . 

• Careful examination may be needed of cases in which 
short lead time R&T is involved. 

t The U.S. should face more directly its role as an 
exporter of R&T and the implications of that role 
in terms of obtaining, in some sense, a fair market 
value for that R&T and the need to provide for the 
continuous generation of R&T results. 


OUTLOOK FOR AERONAUTICS - BEYOND THE 1980's 


Prepared by: 

Operations Research, Inc. 
June 7, 1976 


OUTLOOK FOR AERONAUTICS- BEYOND THE 1980 'S 


The aeronautical industry today is maturing. Within our lifetimes, 
many of us have witnessed the industry change from one producing cloth covered 
aircraft (as recent as the early 1930' s) to one producing modern, sophisticated 
aircraft. Two primary events accelerated the growth of the industry as we 
know it today. The first was the introduction of all-metal aircraft during 
the middle 1930' s, a breakthrough which contributed to the birth and early 
development of the air carrier industry. The second, and perhaps more import- 
ant event contributing to the rapid advance of aeronautical technology, was 
World War II, The research that had been ongoing for years by NACA and the 
aircraft industry provided a basis for the first war production models. How- 
ever the requirements generated during the conduct of the war resulted in the 
development of higher performance aircraft and new techniques for producing 
them. The precarious situation of world peace during many years following 
the cessation of hostilities made it mandatory that our arsenal contain the 
latest in aeronautical weaponry and be responsive to ever changing needs. 

The situation still exists in which the United States must maintain leader- 
ship in aeronautics. 

World War II brought the development of aircraft specifically for 
the commercial carriers to a virtual standstill. But shortly after the war, 
production began on four engine passenger aircraft. These aircraft were 
pressurized which made air travel more comfortable for the passengers and 
permitted the aircraft to operate at altitudes above much of the weather. 
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Pressurization of aircraft was a major milestone In the development of 
commercial carriers and the research carried on by NACA In the 1920' s and 
1930' s contributed greatly to this advance. 

The next major milestone in air carrier development was the 
Introduction of turbine powered aircraft into scheduled service in 1958. 

The design of these aircraft was based upon the technologies developed 
by NACA and the Air Force in military applications— primarily air foil and 
powerplant development. The quality of the ride in turbine powered aircraft- 
low noise levels, little or no vibration and the speed of the journey- contri- 
buted greatly to the burgeoning demand for air travel, which was growing at 
an annual rate of 12 to 15 percent during the 1960's. The growth prompted 
the air carriers to order a new family of aircraft- the wide-bodies- in 
order to respond to the increasing demand in a more efficient manner. How- 
ever, as these aircraft entered service, an unpredictable world wide re- 
cession began and resulted in the present over capacity situation among the 
airlines which, in turn, has had an adverse economic effect on the entire 
aircraft industry. 

From 1958, when the first turbine powered aircraft were introduced 
into service, until now, the United States aircraft industry has produced 
more than 4,100 narrow body turbine aircraft and more than 600 wide body 
aircraft. A sad fact is that firm orders for new air carrier aircraft now 
number fewer than 200. Also, foreign competition is gradually penetrating 
the market, further aggravating the economic situation of the U.S. industry. 

An interesting fact is that the major milestones in transport air- 
craft development have come at approximately 11 year intervals: 

1935-38 All Metal Aircraft 

1947 Pressurized Piston Aircraft 

1958 Turbine Powered Aircraft 

1969 Wide Bodied Aircraft. 

It is no mere coincidence that major advances have occurred on this 
time table. History shows that the products of research require from 10 to 
20 years to mature, from the original idea through the developmental and 
applied research stages to specific applications. The products of research 
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have been a catalyst to the manufacturing industry which made possible new 
vehicles in meeting the demand for air transportation. 

Each of the major milestones in transport aircraft development was 
marked by two important factors- increased productivity and lower operat- 
ing costs. Unless one or both of these two factors exist there is little 
reason for purchasing replacement aircraft. Successful research in the many 
fields of endeavor of the aircraft industry- aerodynamics, powerplants, 
materials, structures, hydraulics, avionics, controls and fuels- to name 
a few, have all contributed to the dramatic increases in productivity and 
lower operating costs of the present generation of aircraft. 

For many years the development of new transport aircraft drew 
directly upon technology that was first used in military aircraft. However, 
about 20 years ago, the types of aircraft developed for military use began 
to require technology which had lesser application to civil aircraft. The 
result has been that applied research costs for new components in civil 
aircraft have been borne by the manufacturer which, in turn, has increased 
the costs of new aircraft. 

During the early 1950' s a transport aircraft cost about $1,000,000. 
Today the fly-away cost of a wide-body is between $25 and $35 million. The 
economics of airline operations force such large capital outlays to be 
amortized over a longer period of time which greatly influences an airline's 
policy of aircraft replacement. 

As previously indicated, successful new aircraft have shown greater 
productivity and lower operating costs than their predecessors making them 
commercially viable products. The latest entry into tie air transport field, 
the supersonic Concorde, is selling speed of operation rather than economics. 
We shall all be observing this new aircraft with interest to understand the 
grounds for its success if indeed it becomes successful. The technology 
for supersonic aircraft is well understood in our industry as the Air Force 
and Navy have been supersonic for a number of years. Hopefully our re- 
search into the environmental and economic aspects of supersonic flight 
will be successful so that supersonic aircraft will become a part of our 
national scene. 
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To focus on the outlook for aeronautics in greater detail, a number 
of figures follow which illustrate many of the factors impacting on aero- 
nautical development as well as concepts which are expected to be a major 
part of future developments. 

Figure 1 depicts the general pattern of aviation development over 
the past 30 years and the trends expected for the next 30 in terms of air- 
craft productivity and Research and Development investment. The increasing 
research and technology development investment between 1940 and 1955 brought 
about the introduction of the jet engine, the swept wing and the wide-body 
structure and as a consequence, major improvements in productivity. The 
pattern of increasing research and development investment changed in the 
late 1950' s and 1960‘s, as shown in the figure, and relatively few new develop 
ments can be expected for the period 1970-1985. 

The chart reflects the fact that the halcyon days of aircraft 
industry growth are about over. At least the rate of growth will be slowed 
for a period of time, reflecting the typical pattern of a maturing industry. 

In this type of industry, advances in productivity are going to come harder 
and cost more. 

In the early days, the demand for air transportation first drew 
from the railroads, buses and steamships. The new forces at work in stimulat- 
ing other forms of intercity travel put more pressure on civil aviation to 
be cost-effective and competitive. 

Since 1938 the certificated airlines have operating under regula- 
tions which fixed both route structure and fares. Certain segments of the 
aviation community now believe that these regulations inhibit the growth of 
air transportation by stifling free enterprise. Suggested modifications 
to the regulations are contained in proposed legislation recently submitted 
to the Congress by the Department of Transportation. If changes in the re- 
gulations do come about and do result in greater demand, the results pro- 
bably will take a considerable period of time to be felt by the manufacturing 
industry. 

As pointed out previously, modern sophisticated equipment requires 
great investment and needs many years of operation to recoup. Heretofore, 
the airlines could look to the used airplane market in their re-equipment 
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planning. However, the used aircraft market has slowed considerably, forcing 
airlines to other considerations for their aircraft replacement programs. 

In sum, the tendency is toward a slower development process. The 
immediate outlook seems to be fewer new aircraft and a longer time between 
new models. 

The operators must decide on the basis of economics and not pre- 
formance in their assessment of any new equipment programs. 

Some of the above remarks have reflected the gloom that hangs over 
the aeronautical Industry at present. However there are positive forces 
at work that can and will have a beneficial effect upon the industry. Or, 
in other words, so much for the bad news; now for the good! 

The first is people. The production of large aircraft may be 
down but the production of people continues apace. Recent figures have 
put the population of the world at three billion with this number expected 
to double by the year 2000, The year 2000 is not really too far off. And 
with these increases in pc'ulation will come increases in the demand for 
air transportation. 

The passenger demand for air transportation is presently growing 
at the rate of about seven percent annually. Although this is only about 
half of the growth rate experienced during the 1960's, it will, neverthe- 
less, double the present demand for air transportation by 1986 if growth 
continues at the present rate. 

Supplying the needs of the growing population will increase the 
demand for transportation of all kinds. Air has a definite role in the 
future for transporting cargo. Indeed the flexibility that air brings to 
the transportation of goods can make it a much more dominant factor in the 
distribution system than it enjoys today. Many developing countries are 
using air transport successfully in solving their internal distribution 
problems while progress is being made in the time consuming development of 
surface transportation systems. 
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One relatively small U.S. manufactured cargo aircraft is contribut- 
ing significantly to solving developing country transportation problems. 
Originally produced for the U.S. Air Force beginning in 1955, the Lockheed 
C-130 and its commercial derivatives, the L-lOO series, are still being pro- 
duced. Over 400 of these aircraft have been delivered to foreign countries 
where many of them are used primarily for civil distribution problems. 

The use of aircraft for cargo transportation has been growing steadily 
for 25 years and is predicted to continue to grow. In 1950, the airfreight 
volume generated by U.S. carriers was about 0.3 billion ton miles. In 1974 
the volume was 6.0 billion ton miles- a 20 fold increase. 

A number of controlling factors in aviation are presented in Figure 2 
and illustrated in greater detail in Figures 3 through 8. Increasing costs 
will be reflected in higher fares (Figure 3); modest growth will absorb the 
remaining capacity in the airways system and at existing airports (Figure 4); 
and competition from government-sponsored foreign aircraft industries will be- 
come more vigorous (Figure 5). In military aviation, the U.S. can expect further 
reductions in access to overseas refueling sites (Figure 6) and fewer foreign 
logistics and staging areas (Figure 7). Moreover, military weapons will in- 
crease in cost necessitating the development of fewer but more effective weapons 
systems (Figure 8). 

Primary directions in aeronautical development that are expected to re- 
sult from the controlling factors noted above are summarized in Figure 9. 
Directions for both civil and military aviation are listed. Progress in these 
directions will depend critically on the extent to which the necessary techno- 
logy investments are made. 

The future directions of aeronautical development draw attention to 
the potential opportunities afforded by air transportation, both domestically 
and internationally. These new opportunities are shown in Figure 10 and the 
characteristics of the aviation system that would result are summarized in 
Figure 11. 
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Against this background of controlling factors, technology directions 
and potential opportunities, there are a number of ongoing programs which NASA 
and industry are jointly sponsoring. 

The first such ongoing program is the Aircraft Energy Efficiency Pro- 
gram . Efforts under this program include research to develop more energy 
efficient transports, more energy efficient engines through improved engine 
components, and, in general, more energy efficient propulsion techniques. In 
addition, research under this program is aimed at greatly reducing aircraft 
drag. 

Research aimed at developing more energy efficient transports (Figure 
12) seeks to improve aerodynamic concepts and the development and incorpora- 
tion of active controls technology in new aircraft designs. The first phase 
of this program will intensify NASA efforts on the application of advanced 
aerodynamics to the design of a transport with higher aspect ratio and lower 
wing sweep and corresponding improvement in lift-to-drag ratio and fuel con- 
sumption. The advanced aerodynamic design will be carefully integrated with 
the propulsion system to minimize installation penalties. Investigations will 
also be made on the use of active controls for relaxing design constraints for 
static stability margins and reducing the tail size, as well as for alleivating 
gust and ma* uver loads. An important aspect of this activity will be to 
develop methods for improving the reliability of flight control systems. 

These aerodynamic improvements could save an estimated 10-15 percent in fuel 
usage compared to today's wiue-Dody transports. The use of active controls 
could increase that by an additional 5 percent. 

In FY 1977, detailed design and analysis studies wTll be performed 
with the engine manufacturers to select those component improvements which 
are attractive from both a technical and economic viewpoint. Development of 
the selected components in both component tests and engine tests will begin. 
These comp lents, such as abradable seals, active clearance controls, and 
combustion liners, shown in Figure 13, will have a high probability of being 
incorporated into future production of current engines such as the JT8D, 

JT9D, and CF6. 
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For the longer term, work will begin on the first phase of a program 
directed at providing the technology base for future aircraft engine designs 
which would be significantly more efficient that today's engines. 

Studies completed this past year have shown that the incorporation 
of advanced components into future engine designs could result in a 10 to 30 
percent improvement in specific fuel consumption. This fiscal year, NASA 
will initiate the intensive development of fan, compressor, combustor, and 
turbine components required for an advanced turbofan engine such as the one 
shown in F Inure 14. These developments will provide the basis for proceeding 
to a second phcse of an intensive engine-directed component development effort 
which could lead to a complete engine ground-test demonstration in the early 
1980' s. 

Drag reduction programs include research into laminar flow control 
techniques which seek to maintain smooth or laminar flow over the wings and 
tail . 

As shown in Figure 15, the potential fuel savings from laminar flow 
control (20 to 40 percent) are impressive, depending on the extent of applica- 
tions and on the airplane design range. It is important to recognize, however, 
that this high payoff technology will not be incorporated in new aircraft 
designs until the possibility of developing a practical, maintainable boundary- 
layer suction system has been thoroughly demonstrated. 

Early experiments with the USAF X-21A airplane (Figure 16) in the mid 
1960's demonstrated that laminar flow could be consistently maintained, al- 
though at that time the pumping and hardware systems were not developed to a 
cost-effective stage. 

Recent developments in lightweight structures and in advanced pumping 
systems show promise of attaining economically viable systems that are reliable 
dnd maintainable. In FY 1977, efforts will concentrate on the evaluation of 
various suction surfaces and structural design concepts to select the most 
promising candidates, and on the continued development of analysis methods 
necessary for optimizing laminar- flow aircraft designs. 
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Earlier reference was made to the future importance of supersonic 
aircraft. In supersonic flight, civil and military aircraft of the future 
will have some characteristics and many problems in common. Both classes 
require increased aerodynamic efficiency to maximize range and payload and 
minimize fuel consumption, more efficient propulsion systems, new materials 
to minimize structural weight, and improved structural design approaches and 
control systems. There are differences due to the environmental constraints 
on civil aircraft and the maneuvering capability required for fighter air- 
craft which impact for the selection of engine cycles, aerodynamic configura- 
tion and structural design. The technology required to develop a success- 
ful supersonic cruise vehicle is also dependent upon the cruise speed 
selected. 

One of the primary measures of a transportation system's merit is 
the product of the payload and the distance it is carried in a given time 
interval. On the basis of this productivity criterion alone, supersonic 
transportation appears inevitable, whether or not the first-generation 
European entries prove economically successful. When development of an 
American supersonic transport is undertaken, it will have to offer large 
advantages over the most advanced subsonic jets, and over the initial and 
improved versions of the Concorde and the TU-144, in order to compete 
successfully on the world market. It will also have to overcome the en- 
vironmental concerns which figured in cancellation of the original SST 
prototype program. It is believed that the supersonic cruise aircraft 
research now in progress could lead to a second-generation SST with at 
least a 100 percent increase in payload capability, a 25-30 percent increase 
in range, and a 25 percent increase in speed relative to the Concorde, with 
noise levels well below current federal regulations, and with objectionable 
engine emissions reduced by 90-95 percent relative to present-day engines. 

The optimistic predictions are based on several new conceptual 
approaches which were not far enough along when the first-generation de- 
signs were being solidified. The new approaches still require consider- 
able work to assure technology readiness. They include, for example, the 
"blended" configuration, shown in Figures 17 and 18, and the arrow wing 
planform shown in Figure 18, which offer considerable increases in aero- 
dynamic efficiency compared with the more familiar delta shapes. Interest 
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In these refined aerodynamic shapes has been spurred by new structural con- 
cepts which have increased our confidence that the configurations can be 
designed for practical manufacture. The arrow wing, incidentally, has the 
additional advantage of spreading the lift over a longer length and thereby 
reducing sonic boom effects. The advanced supersonic design concepts also 
include the use of propulsive lift to enhance the wing lift for low-speed 
performance improvement and noise reduction and the use of a totally new 
variable or multi-cycle engine. The multi-cycle engine, which is still in 
the early stage and requires extensive technical development, is an essential 
new feature. The concept is somewhat similar to that of the variable-sweep 
wings used on supersonic combat aircraft. Here the internal engine geo- 
metry, rather than the wing geometry, is altered to vary the engine airflow 
as a function of flight speed. Operating in a sense as a gear shift, the 
variable cycle permits effective low-noise operation for takeoff and landing 
while still maintaining high efficiency for supersonic cruise. An additional 
feature of this engine is the improved specific fuel consumption as compared 
to after-burning turbojets (Figure 19). Lastly, the new configurations will 
gain additional performance through the weight savings achieved by use of the 
active controls concept. In the supersonic applications, the active controls 
rnay include vectored thrust as well as aerodynamic control surfaces. 

To accomplish the SST noise level and engine emission reductions 
mentioned previously, significant technological advances are required. How- 
ever, as indicated in Figures 20 and 21, technological developments are under- 
way which are expected to result in significant noise level and emission re- 
ductions and which hold promise for even further improvements. 

With a look even further into the future but with the roots of 
growth even now established, a brief look at a hypersonic aircraft is pre- 
sented next. 

The hypersonic transport can be envisioned as a follow-on or perhaps 
even an alternative to the second-generation supersonic flight. Operating 
at three times the speed of Concorde- or about eight times the speed of 
today's jet transports- and capable of very long ranges, the hypersonic 
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transport could be of interest in an era of increased East-West and African 
trade. Hypersonic transports would operate at extremely high altitudes and 
use liquid hydrogen fuel. With respect to environmental considerations, the 
altitude increase significantly reduces sonic boom effects on the ground. and, 
although the hydrogen fuel may present a water vapor problem, it contains no 
hydrocarbon pollutants. 

At first glance, as can be seen in Figures 22 and 23, the hyper- 
sonic airplane looks quite similar to a supersonic vehicle. Actually, there 
are some major differences which account both for the spectacular performance 
and the technological risk. 

The airplane is powered not by a conventional turbojet or turbofan 
engine, but by a supersonic-combustion ramjet integrated into the structure 
(Figure 24). Because of the very high flight speeds, the structure must be 
cooled by circulating liquid through tubes embedded in the external skin, 
depending on the large cooling capacity of the liquid hydrogen to remove 
the heat. Hypersonic research engine tests have been conducted successfully 
in the laboratory; a possible flight research program to further the develop- 
ment of the hypersonic cruise flight concepts is currently being considered 
jointly by NASA and the Air Force. 

To accommodate long-range supersonic and hypersonic transport air- 
craft, new concepts in air terminal facilities will be required. An artist's 
concept of an international supersonic/hypersonic air terminal is depicted 
in Figure 25. The terminal is located offshore on a man-made island-lagoon 
built up from the sea floor on the continental shelf. At such locations, 
perhaps 20 to 30 miles offshore, noise would be of little concern, and 
should the use of hydrogen fuel become necessary its on-site production 
from sea water through dedicated nuclear energy plants would simplify the 
problem of fuel distribution. A world-wide intercontinental air system 
could be implemented with as few as 20 of these airports. 

In the regime of "Low Speed Flight," which includes Short Takeoff 
and Landing (STOL) and Vertical Takeoff and Landing (VTOL) aircraft, NASA, 
together with agencies of the Department of Defense, has many ongoing re- 
search programs. Research and technology base activities planned for FY 1977 
for STOL aircraft will be focused on improving low speed lift and cruise 
performance while, at the same time, reducing noise. 
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Studies and experiments to find means of reducing noise are a con- 
tinuing effort. Wind tunnel models of an upper surface blowing configura- 
tion have been developed. These models will be used to test various noise 
absorbing materials designed to reduce the noise of the scrubbing action 
of jet exhaust. 

A number of aircraft are being used to study aerodynamic character- 
istics during flight in close proximity to the ground, and in continuing 
study and documentation of flying and handling qualities. In addition, 
a lift augmentation scheme installed on the C-8 Buffalo is under extensive 
investigation. The flap system, under this concept, would be retracted 
during cruise to form an efficient airfoil section. There could also be 
advantages in operating the augmentor in a cruise mode as well. The need 
to completely retract the flaps could be eliminated permitting a simpler and 
lighter weight wing/flap structure, and valving for the ejector air would 
be eliminated since the ejector would remain operative during cruise to 
produce thrust. Following further study and analysis of the concept, it is 
planned to evaluate a wing model in a wind tunnel in FY 1977. 

It is from work such as this that the powered-lift concepts evolved 
which are now being used on the Air Force's Advanced Medium STOL transports 
(AMST's). The Boeing YC-14, shown in Figure 26, is configured with upper 
wing surface blowing and is scheduled for first flight in mid-1976. The 
first flight of the McDonnell -Douglas YC-15 (Figure 27) occurred in August 
1975. This aircraft employs externally blown flaps. 

Using the technology base generated within NASA, coupled with the 
Air Force activities, NASA has undertaken a program entitled Quiet Short- 
Haul Research Aircraft (QSRA). The QSRA Program was initiated in FY 1974, 
and a contract will be awarded in early 1976 for the final design and fabrica 
tion of the research aircraft. 

The research aircraft, shown in Figure 28, will be a surplus C-8A 
Buffalo airframe provided with new wings and four surplus AVCO-Lycoming jet 
engines for propulsion and lift augmentation. The hybrid Upper Surface 
Blowing (USB) propulsive-lift concept is designed to achieve high-lift 
efficiency with low noise. The exhaust flow from the four turbofan engines 
is directed across the upper surface of the wing to provide lift augmentation 
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In addition, bleed airflow from the engines is directed through the wing to 
provide boundary layer control in selected locations to enhance the lift 
performance and control at low speed and under one-engine-out conditions. 

The over-the-wing location of the engines provides flyover noise shielding 
in addition to noise reduction through acoustic treatment of the engine 
installation. Analyses and wind-tunnel tests indicate that the hybrid 
configuration will provide a 50 percent increase in lift -for about the same 
thrust to weight ratio as the simpler upper surface blowing or external 
blowing systems. 

The STOL aircraft could become an important part of the world 
aviation scene. As large metropolitan airports become more congested 
because of increasing demand, satellite airports may become necessary. The 
scarcity of available land for airport citing will require vehicles having 
STOL characteristics. The STOL aircraft of the future could provide for 
both passenger and cargo traffic in the United States as well as in many 
other nations. 

In addition to the development of STOL technology, NASA has many 
ongoing programs in the development of VTOL aircraft. Rotorcraft, which 
are typified by the helicopter, provided a unique capability. They can hover 
more efficiently than vehicles using any other means of powered lift. To 
attain this unique capability, other performance capabilities, such as cruise 
speed, are compromised. Yet the value of the helicopter's operational capability 
is sufficient to make the helicopter irreplaceable. 

Problems related to the deficiencies of helicopters are be’»ng 
attacked in a continuing research program which includes aerodynamics, 
structures, materials, and new rotor concepts. Analytical, wind tunnel, 
rotor tower, and flight simulation techniques are employed as are flight 
tests, which are an essential part of rotorcraft research due to limitations 
in ground-based facilities. 

Much of NASA's research effort directed to rotorcraft is conducted 
in conjunction with the U.S. Army which is the world's leading user of 
helicopters. Much of the vehicle technology developed in the joint NASA/ 

Army research activities is equally applicable to civil vehicles. However, 
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in response to the Increased utilization and predictions of dramatic growth 
in the civil helicopter industry, NASA plans to define the problems and 
assess the need for more research emphasis on civil helicopters. NASA's 
goal is to ensure that the technology is available on a timely basis to 
maintain U.S. leadership in both military and civil vehicles. 

In another direction of VTOL aircraft development the Navy has a 
unique requirement. In recent years the Navy has joined NASA to augment 
research efforts on the left cruise fan. Two lift/cruise-fan configura- 
tions are shown in Figure Z'J. In both of these configurations, a lift-fan 
is mounted in the nose of the aircraft for trim and pitch control in hover 
and low-speed flight. Such a fan can be powered by hot gases dected from 
a remote engine to drive a tip-turbine at the outer edge of the fan, as 
illustrated by the configuration sketched in the lower right of the figure, 
or the fan can be driven by shafting from a remote engine, as illustrated 
by the sketch in the upper left of the figure. In cruise flight, the lift- 
fan in the nose is stopped and covered by movable louvers that are open 
during takeoff and landing. The cruise fans shown mounted at the wing/ 
fuselage juncture provide lift during takeoff and landing by deflecting 
the jet exhaust downward with nozzles, as shown in the sketch in the lower 
right, or by tilting the fan units to a vertical position, as would be the 
case for rhe configuration shown in the upper left. During cruise flight, 
the jet is exhausted rearward. A number of typical lift-fan aircraft are 
depicted in Figure 30. 

Commercial uses of VTOL aircraft could contribute to the revitaliza- 
tion of inner urban areas. The aircruft depicted in Figure 31 is an advanced 
rotorcraft capable of quiet vertical takeoff and landing from sites close to 
or within urban centers. Large rotors would provide efficient lift in vertical 
flight and when reoriented would act as large propellers in horizontal flight. 
Other VTOL concepts, including those mentioned above which utilize large fans 
in place of rotors, are equally promising and may prove more efficient over 
longer routes. VTOL aircraft could provide both intraurban and interurban 
passenger service and serve as versatile high speed links to major hub air- 
ports . 
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It was stated earlier that the shipment of cargo is expected to 
have considerable impact on the future of aeronautics. Figure 32 illustrates 
the historical growth of air cargo and shows the results of recent forecasts 
of potential growth. The history and forecasts of demand in terms of revenue 
ton miles indicate that the current market demand was preceded by an annual 
growth rate of approximately 13.5 percent since 1960. This market has been 
characterized by high value unplanned and perishable goods which could main- 
tain an 11 percent growth rate in the future. 

In 1970, studies showed that the "threshold" of product value con- 
stituting air eligibility was approximately $1 per pound based on the costs 
of air transportation at that time. If the costs of air transportation are 
reduced by moderate decreases in the cost of ground operations and by more 
efficient aircraft designs, or both, attractive new markets exist. If re- 
duced air transportation costs allowed the air eligible product value threshold 
to be lowered 25 percent, then an impressive array of major consumer items would 
be attractive for air cargo including such items as refrigerators, washers, and 
automobiles. The lower threshold would make possible the use of air for planned 
air shipment and would result in the new market objective of 16 percent annual 
growth shown as the top curve of Figure 32. 

Figure 33 shows the decreases in the cost of producing air transporta- 
tion through increased productivity by comparing three different aircraft. 

Also shown are the costs of competing transportation. The "stretched" 0C-8‘s 
achieved a 10 percent decrease in operating cost over the Boeing 707 but econ- 
omies of scale are readily apparent in the wide-body Boeing 747 cost figure. 

New designs promise a much lower cost. Indeed such low costs per ton mile 
should permit a sizable penetration into the market now dominated by surface 
vehicles. 

Advanced designs have the potential for approximately two times the 
efficiency and payload capability of current wide-body transports. The large 
cargo aircraft may carry most of its load and its fuel in the wing rather 
than in the body as shown in Figure 34. This flexibility in load distribution 
is one of the benefits of large size, and permits major savings in structural 
weight since the distributed load balances the aerodynamic lift forces on the 
wing. The result is a potential payload increase on the order of 50 percent, 
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with a corresponding decrease in operating cost and fuel per ton mile. 

Studies of large cargo aircraft will be continued in FY 1977 to guide NASA 
research efforts in concept definition and to determine the application of 
advanced technologies, such as composite structures, active control landing 
and flight systems, propulsive lift, and thick airfoil sections to these 
configurations. 

Figure 35 shows a comparison of the fuel efficiency of current 
commercial aircraft and the prediction for an advanced design such as the span- 
loaded flying wing concept. As can be seen the economics of such a vehicle 
promise viability. 

However such an aircraft would require many changes in the present 
air cargo support system. Conceptual changes are shown in Figures 36 and 37. 

Figure 36 shows a loading dock that would be required for efficient 
loading of a spanwise loaded freighter. 

Figure 37 is an illustration of a future air cargo terminal. Clearly 
many changes would have to be made in cargo handling methods but when one 
examines the innovations that have been made by surface transportation in the 
handling of containers the adaption to air would not be difficult. 

The potential of large cargo aircraft has also attracted the atten- 
tion of foreign aircraft manufacturers. Other nations are conducting studies 
and investigations of large cargo aircraft concepts. Two examples of foreign 
developments are depicted in Figure 38. 

The development of large cargo aircraft may well spearhead the de- 
velopment of integrated air cargo systems. The intermodal cargo terminal 
depicted in Figure 39 is an example of such a system. Air and surface 
transportation are integrated with a modern warehousing complex. Dedicated 
cargo aircraft, weighing 1,000 tons or more and operating between intermodal 
cargo points would permit the rapid distribution of materials and products 
between centers of production and centers of consumption, and greater flexi- 
bility in the location of processing and manufacturing industries. It is 
conceivable also that even larger amphibious cargo craft, fueled either by 
hydrogen or nuclear reactors, or modern 1 ighter-than-air ships could operate 
from the offshore terminal discussed earlier, as well as from cargo ships at 
sea. An artist's conception of a modern 1 ighter-than-air ship is depicted 
in Figure 40. 


A new topic, and one that is uppermost in the minds of many re- 
searchers, is concerned with future energy sources for aircraft. Predictions 
of fossil fuel exhaustion after the turn of the century are commonplace. 

Two alternate sources of energy for powering aircraft have been under in- 
vestigation for some time. The first, nuclear energy, has been investigated 
through many preliminary design configurations in industry as well as agencies 
of the government. The shielding problems result in aircraft of great weight 
and, consequently, size which would be difficult to justify in commercial 
applications. And perhpas more important and of much social significance 
would be the catastrophic crash considerations. It is not as yet foreseen 
how these problems would be solved. 

The second potentially usable energy sources are cryogenic fuels. 

The use of liquid hydrogen, or possibly liquid methane, as an alternate 
fuel is being considered for both subsonic and supersonic aircraft, depicted 
in Figures 41 and 42 respectively. Depending on the cost and energy required 
to produce them, the liquified gases could be of interest as a means of re- 
ducing dependence on petroleum and other fossil fuel sources. In their 
application to aircraft, substantial technical effort is required to assure 
adequate thermal protection and strength in lightweight engine design. How- 
ever, the cryogenic fuel concepts appear entirely feasible. NASA experience 
with hydrogen fuel in aircraft goes back almost two decades, to 1957, when 
flight experiments were conducted with a B-57 airplane modified so as to 
permit fueling of one of the engines with hydrogen in flight. The results 
of that early experiment were entirely favorable. More recent experience 
is the NASA space program. Over 600,000,000 gallons of liquid hydrogen were 
obtained, transported, loaded and consumed without a single accident attri- 
butable to the use of that fuel. Complete liquid hydrogen fuel systems were 
developed including pumps, values, conduits, fuel injectors and leak detectors. 
However, formidable technology problems lie in the system support areas of 
economical production, 1 iquification, distribution, storage and handling on a 
world wide basis. 
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Large more productive aircraft, both passenger and cargo, will 
certainly influence our foreign trade. As our relations become more stabili 
zed with the nations on the other side of the Pacific Ocean, vast markets 
could open. New transpacific markets as well as new marketing areas in the 
developing countries of Africa involve great distances to be flown. Speed- 
increased speed over present day aircraft- may be an importat t element in 
successful future air transportation. Research is pointing the way to in- 
creased speed combined with the necessary reduction in operating costs. 

Many countries of the world do not have the extensive surface 
transportation system that we enjoy. It would seen that a large market 
could be developed for V/STOL aircraft in those countries that are attempt- 
ing to develop more rapidly. The research that is ongoing now in NASA and 
agencies of the Department of Defense on V/STOL aircraft would result in 
new more efficient machines that could be very useful in expanding the 
economies of developing nations. 

In our own country a relatively new transportation system is de- 
veloping- the commuter airlines. Where there were only a few operating 15 
years ago, today there are over 200 operating scheduled services. These 
carriers, operating small aircraft, have stepped into a void created by the 
abandonment of service to smaller communities by certificated carriers who 
could no longer afford to operate their large aircraft at points generating 
very little traffic. Some of the conmuter carriers are carrying more 
passengers now than did the local service carriers when they were first 
certificated by the CAB. The commuter airlines are operating U.S. manu- 
factured general aviation aircraft as well as some higher capacity aircraft 
manufactured outside this country. At present the CAB limits the size of 
aircraft that can be operated. Should the regulatory climate change as a 
result of Congressional action a market may be created for a new class of 
aircraft. 

Several references have been made to the essential elements of pro- 
ductivity and cost of operations in air transportation. A major element of 
operating cost is fuel. At the present time, the airlines together with the 
FAA are practicing fuel economy measures in their daily operations. However 
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with the specter of Inadequate fuel supplies, future technologies must be 
developed that will result in reduced fuel consumption. Such research is 
now being pursued in NASA laboratories. The technical developments aimed 
at fuel efficiency for subsonic transport aircraft will provide the means 
of controlling the rising air transportation costs brought about by in- 
creases in fuel prices. 

The "positive forces" that are working in the market place clearly 
indicate that requirements do, and will exist for all types of new aircraft. 
The distant markets will require a new class of transports, both passenger 
and cargo carriers. Potentially strong markets are in the formative stage 
for many types of V/STOL aircraft. At home, a market may be developing for 
the proverbial "DC-3 replacement." 

Continued leadership in aeronautics is a must in maintaining a 
healthy industry. The competition that is growing in other countries should 
be a catalyst to our own efforts. 

Aviation will always have a place in world comnerce. However, if 
new developments are not pursued with vigor aviation will not assume the 
dominant role it can achieve. 

The world does need more and better aircraft. However, the environ- 
ment in which tommorow's aircraft will develop may be different. 

The business environment relative to the production of new aircraft 
could be very much different than the one which is operative today. The 
massive amounts of capital required to launch a new venture could be quite 
beyond the financial capacity of an individual manufacturer. The next 
generation of air vehicles will probably be larger and consequently more 
expensive which will increase initial capital requirements. Also, as air- 
craft become larger- and more productive— the total number of aircraft re- 
quired to meet market demands may be of insufficient quantity to justify 
several production lines. Thus it is not inconceivable that the next genera- 
tion of aircraft produced by U.S. manufacturers might be the product of 
joint-venture activities or of mergers or both. Multinational manufacturing 
activities have been a fact of lift for many years in several product lines. 
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It is not beyond the realm of possibility that airframe manufacturers in 
the U.S. might find it convenient if not necessary to undertake joint ven- 
tures with those of foreign nations to successfully market new vehicles. 

All our major airframe manufacturers have had large i.iilitary con- 
tracts that have provided a strong base for operations. With military 
contracts dwindling, manufacturers may find it increasingly difficult to 
remain profitable. Since it is the stated policy of the United States to 
maintain our leadership in the aeronautics industry of the world, it may 
be necessary that the government find other ways to support this vital 
industry other than through military contracts. Precedent has already been 
established for such activities. The U.S, supersonic aircraft program was 
originally undertaken .vith government support. More recently the Lockheed 
Corporation has had the benefit of government guaranteed loans. Depending 
upon the way the future situation of the aircraft industry develops- and 
in order to maintain a strong national manufacturing base- so'^je form of 
congressional action may be necessary. 

Social pressures during the last 10 years have forced the aviation 
community to find ways of becoming a better neighbor. During the late 1960 ‘s 
noise and air pollution resulted in the promulgation of certain standards 
limiting these undesirable side effects of aviation, NASA has been in the 
vanguard of efforts to find ways to reduce both air pollution and noise. 
Several research programs have already borne fruit and other programs are 
continuing. There is no question that the aeronautics industry should 
continue the effort to eliminate as much noise and air pollution as possible. 
However there are many difficult problems to solve that will require much 
time as well as money to find answers that will result in efficient air 
vehicles and at the same time be acceptable to society as a whole. 

In summary, ongoing research programs point to a variety of aircraft 
that may well evolve as part of the aviation system ol' the future. Improved 
rotorcraft, and «*hcrt field powered-lift aircraft, together with military 
and naval aircraft cf similar characteristics will serve a variety of needs. 
The most significant improvements in short range air transportation, how- 
ever, will come with the introduction of quiet all-weather VTOL transport 
aircraft. The same technology may also see application in special purpose 
surface effect a’^rcraft. The next generation of subsonic transport aircraft 
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will provide greater fuel efficiency for civil air transportation and longer 
range and endurance for military aircraft. The greatest impact on long range 
air transportation will result from the introduction of an efficient, en- 
vironmentally acceptable supersonic transport. This development may pave 
the way ultimately to hypersonic aircraft of even greater speed and range. 

The significance of air transportation of quiet VTOL aircraft and efficient 
long range supersonic transports is such that the technology should be de- 
veloped to the point where the U.S. industry can move rapidly and with 
confidence to build these aircraft. 
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Speed * 440 kts; Range = 40u0 n.mi. 
Gross weight ' 2.2 million pounds 





FIGURE 39 
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hydrogen fueled subsonic aircraft 




FIGURE 41 
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OUTLOOK FOR SHORT-HAUL AIRCRAFT 
INCLUDING STOL AIRCRAFT POTENTIAL 

VIEWGRAPH PRESENTATION 


Prepared by: 

Operations Research, I 
June 23. 1976 


Operations Research, Inc. 


VUGRAPHS- MAIN POINTS 


1. World Transport Aircraft Market 

There is a real and substantial future market, much of wnich 
is contested. Whether we like it or not, we have strong competitors. Will 
we meet this challenge? 

2. Commercial Transport Aircraft 


Provides projections of world market, plus high/low for U.S. Note 
that these are "independent" sources. Foreign competition is very real 
and increasingly strong. 

3. Air Traffic on Staoes Between 0-500 .nm 

Most of traffic (seat-miles) is short-haul with median of about 

250 nm. 

4. World-Wide Short-Range Commercial Transport Market 

This is essentially a subset of total market, focusing on snort- 
range portion. Same type of story— tne market is projected to be tnere 
(Source: DMS). 

5. Annual Deliveries of R/STOL Aircraft 


Same as above, but narrowing down to R/STOL in particular (Source: 

Douglas ) . 


6-3 Rebirth British Airwavs British Sconcmist 


Views expressed in 1973-74-75; all saying more about STCL anc its 
potential application anc use. 

9. Japan Situation 


Japan, in near term, not considering STOL, but what aocut early 
to mid-eighties? Note strong foreign competition. 

10. DeHaviliand Ad 

This is a throw-in, but it demonstrates one major point: DHC is out 

there now botn producing and selling STOL aircraft. Where will tney be anc 
wnere will we be in 10 years? 


Operations Research, Inc. 


11. Unique STQL Capabilities 

Pictorial representation of application areas, based on unique 
STOL capabilities. 

12-16 Enumerates application areas, one at a time. 

17. Integrated Ground-Air Transportation 

Shows 3-phase concept using STOL (from Douglas STOL and the 
L. A. Megalopolis ) . 

18. Summary 


Reiterates potential civil benefit areas. 


WORLD TRANSPORT AIRCRAFT MARKET 


TOTAL WORLD MARKET - 10 YEARS - $ 52 RILLION 



rilLRE WILL BE A LARGE WORLD DEMAND EOR 

CIVIL AIRCRAFT 



TA3Li 3 

COMMERCIAL' TRA'iSPORT AIRCRART 

/ 

Shipments 1976 - 1985 
(1975 Constant Oollars in Billions) 


WORLD MARKET 


aecmaA'^ 

47.8 

AIAA^'' 

54.4 

BOEING^^ 

52.0 

OOUGLAS^^ 

52.9 

EEci/ 

53.4 



U.S. 

SHARE 


HIGH 



LCW 

s 

•« 

S 

V 

m 

41.7 

87.2 

38.5 

80.6 

49.5 

91.0 

46.2 

85.0 

47.2 

90.8 

31.0 

59.5 

46.4 

86.9 

37.2 

59 . 5 


—‘^Commission of the European Communities*, Action Programme for the Aeronautical 
Sector, Brussels, Oct. 1975 

2 / 

-The Challenge of Foreign Competition, Research Report, Novemcer 1973, AIAA 

-^Presentation by Boeing Commercial Airplane Company, Future of Aviation, 
National i ransportation System, tor the Subcommittee on Aviation and Trans- 
portation R&O, May 11, 1976. Data comoiled from graph and are estimates 
4/Only. 

- Douglas Aircraft Comoany Report - C1-30A-3672A, The Passenger Air Transport 
^ Market, 1975 - 1990, June 1975. 

—^Commission of the European Communities, oo. cit. 
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S IK' 'JKITS 


WORLDWIDE SHORT-RANGE COMMERCIAL TRANSPORT 
MARKET POTENTIAL EOR STOL AIRCRAFT'*' 

1975-1904 


\ 



YI AItl Y 

'*■ I XCI Um-S: USSIl AND C:illNA 


e SIOL MAUKli f POTENTIAL IS 20 PEMCCNT OE ALL 
COMMEHCIAI UNITS liUlLT DURING 10 YEAR PERIOD, 
mn ONLY li.l PERCENT Of DOLLAR VALUE < 

m JL)2 SIIOR I RANGE COMMERCIAL TRANSPORTS 
WILL RE RUILT I IIROUGII lOUT VAl UED AT $3.4 

mi l ION ( Ui/Ji CONSTANT DOLLARS) | 

# DEI IVl RILSPEAK IN l‘JllO-1001 

O 73 PERCENT OE UNI IS TO RE PRODUCED THROUGH 
1004 ARE OPEN T O COMPE L 1 1 ION 

O SIOL PI REORMANCE Wil l RE PREEERRED DURING 

THE ETJIIECAS I PERIOD ' ' 

NEW DESIGN Wil l. SI HESS LOW NOISE AND 
EMISSION LEVELS 

1 


SOURCE; WOIR D AIRCRAI I I DIR CAS I . DMS., INC., 10/(i 


= Y \K JN'ITS 


V 


ANNUAL DELIVERIES OF R/STOL AIRCRAFT 
FORECAST FOR ICAO AIRLINES''^ 
1975-1990 


ExisriNG n/sroi a/c iyi*l-s 

eu .(VI W-liH 
» -2U 


l_i. _1 _ 1 ._ I_I 1 


YFAHI Y 


NI W ll/SIOL A/C 


nil iii'jo 


• A TUmilNL- mWEREn AIRCRAFT TO SERVE 
SNORT MAUI. ROUTES 

d SEAT ING CAPACIT Y: SO- 160 (ONE -CLASS) 

• SEAT-MILE PRONUCTTVITY RANGE: 

30- 1 16 MILLION PER YEAR 

• 366 STOl. T YPE A/C FORECAST FOR DELIVERY 

UETWEEN 1074-1000 

0 101 EXIST ING STOL A/C. 1076-1004 
0 174 NEW ST OL A/C. 1006-1000 

O FORI CASI DEI IVERIES valued AT APPROX. 
$3.0 mi LION (1076 CONST AN r DOLl ARS) 
UETWEEN 10/6-1000 

0 EXISIINIT STOL A/C. 1076- 1004. 

$.7 II ILL ION 

0 NLWSIOL A/C. 1006- 1000. 

$2.3 mi LION 

DLl I VI HIES PEAK IN 1007 and 1000 


I XCl ill )| S: USSR AND Cl IINA 


SOUMCI ; UnlKil AS AlllCRAI I C( )MPANY.I I I II PASSENGER AIR IRANSPORI MARKET. 1076- 1000. JUNE: 1076 


•M @ ■■■ BK es> Bsa css ess ms mm mm e-^ mm sm , 

TIIF. |{EIMRTII 01- THE STOL AIKCRAET 

. * 

I Military Funds Holing and McDonnell Douglas for STOL 

Transport Prototypes 

I Medium Range Jet STOL Transport for Military Should Not 

UE Hard to Convert to Civilian Use 

6 This Could Enable U.S. Companies to Compete With Foreign 

Aircraft Makers in Short-Haul Aircraft Market Late in 
THE 1970' s 

i ) 

0 Chief Competition for any Commercial Version of the AF 

Medium-Range STOL Aircraft Will Prodadly ue a Consortium 
OF Spanish, West German, Hritish and Swedish Aerospace 
Companies 

i. ' ' 

0 Comments of K. G, Harr, AIA President: 

- Merits of Rapid and Efficient Point-To-Point 
Capauilities of STOLs are Best Understood Abroad 

- We Hope Need for Short-Haul Aircraft Will Not Have 
TO BE Met Entirely With Foreign-Made Aircraft 

- Over 30 Percent of Short-Haul Pax Increase by 198G 
Will be Travelling on Routes Ideally Suited for SIOLs 

1/ Business Week, G January 19/3, 



Ai Kui'i ANi:s I OK I nr eigihii-s 
CUMMINI IlY IIKIIISII AIKWAYS 


I liiniisii Airways' UriiUaiions in 1088 will Call for 

Nink Dinfrlni Iylls oi SuL‘ujnc Passenger 
Aircraft. 

I lilt: l iRST Category Descriues Quite a Large Fleet 

Of Aircrai I (Aiiour 70) With I ess Iiian JOO Seats 
FOR Oreraiiou Over pANiiLs ui* to LSOO Miles. I 
Feel Fairi.y Confioeni [hat liiis Aircraft Ought 

TO IIaVF KIOl CAFAlill MY 10 I NAllLE IT TO OfERATE 
From Kunv/ays Aiioui ‘'j.OOO Feet Long. 

I liiE Seconf Caiegory 700 Seats 1/JOO Miles... 

Need About 70. It Might be Inieresiing for this Type 
10 Have KMOL ('apabii i ty loo. 


S. HiiFAICROI M (iROHI* Pi ANN I N(i lilRET'IOR, BRITISH AiRWAYS^ 
Asironahiics ^ Aironahiics, March 1070. 


A KCCINI lilUlISII VirWI'OINr 


1 / 


"Oriicu Exi'ciUMEins aku aiheo at ihphoving aircrafts' 

PERFORMANCE ON TAKE-OFF AND lANDING.,., TlllS COUU) BE VERY IIEl.P- 
FUl. IN THE LARGE I’OIENTIAI, SHORT-RANGE BUSINESS TRAVEL MARKET/ 
PARTICULARLY IN AMERICA AND KuROPE- WHERE IHF. NEED IS FOR FRE" 
OUENl SERVICES, FREUUENI STOPS AND AIRPORTS NEAR TOWN." 


"In IHISE AIRPORTS. VLRIICAI. lAKE-OFF BY QUIET AIRCRAFT 
COHl.U BE lUEAl . lilll ... THERE IS MORE HOPE IN SIOL." 


. 1 / 


lilL I'cuiiL'iTlsi . Aprii 1'J7(), p. /'). 


JAI'/\H t',1 IMA' IMfJ 


CuiIHliN r_ItlULUI 1 UN5 

e ‘jO o(- 70 Aiid'oms Si-kviM) iiy ScMiioni tii 
ANu Nonsciii-diiu-i) Aikuneus Have Hun- 
way s <‘j,OOU I'r 

I MiNISIUY OE IflANSI'Oin ThIEO to llXIENO 
Short Hunways (for 737 ) nor I*eans 
Aiiandonei) due to l.ocAL Hesiuent 
Orcosition and Hi si no Cost of 
Land 

I Aircraft Alternatives to Heflace 
YS-ll's Include: 

- Vl-W I-.7H Mk 6000 J 

- i)(;-‘)-osr 

- 1!AC 111 700 


lU££H£MCES 

I Jai'an NAS Definite Need for Aircraft 
THAT CAN l-ANI) ON RuNWAYS <5000 Ff 

• OriiER Countries Have Similar Runway 
Limitations 

9 Increasino Runway I.engtiis Will be met 
Wl fll OCROSI I ION 

I The Ouestion Then is if and now to use 
liiESE Snorter Runways and Associated 
Lac I LI T I Es 

t Some new Aircraft Could be Available 
With Stronc. Overseas Comretition 

I Currfnt si 01. Aircraft Available (i.e., 
HI 1C DASH 7) TOO Small and Slow to 
Saiisfy Needs 

I If A Larc.lr, Quiet., Economical STOI. 
Aircraft werf Available now, it Would 
Lind an Immediate Market in Jaran 
AND IN OiNER Countries with Similar 
Needs and Situaiions 








A report from the airline that has pioneered year-round scheduled 
STOL service north of the Arctic Circle; 


"Crews and passengers 
alike are totally enthused 
about our Twin Otters. 
Their reliability has been 

■ ^ ^ m 


w 




effect... 



aim 

conditions that are a 
impossible.” 

The nerA/ork or Wiceroe's Fiweselskap A/S stretches 
fai her dun the distance trom London to Rome. 3uc hair 
of ic IS above the .Rrcr.c Grcie. \'ir:uaily ail of it lies along 
the mountainous, windswept coast of Non.vay. And • 
most of Its 32 airports just have single SCO m stnps. 

What a place to nnd one of the world’s most 
dependable airline operations! 

’’Phase I of our nervoric began in 1963 with our 
nrsc Twin Otter flying l3*/» houn a day, 6 days a week, 
on the segment oerA/«*en oodo and Trondheim,” reports 
Knu: Schiemrf'Larsen. markenng manager of Wideroe’s. 
"In an ennre vear, we had only a single one-hour delay 
for technical reasons. .And the only fiighc cancellations 
due to weather were in a 3-dav penod when a severe 
snowstorm buned ever/ airport. 

"Now we’re using IC Twin Otters . . . frem Bergen 
all the way to ’rlammerfesc, the northernmost city in the 
world . . . and east from there :o ’Kirkenes on the Russian 
oorder. .Annual utiUution is about 2,-rCC houn per plane 
—and their reiiabilicv continues to be outstanding." 

And the human side of ^’ide.'oe’s operations is 
just as im.pressive. 






'X’’ len Winding mountain reads and the stormy 
.Norwegian Sea were die onlv links ’oer-veen the commu- 
nities Wiceroe’s now ser/es, manv were becoming de- 
pocuiaced. .All fei: estranged from ocher parts of Nor.vav. 

Now— what a change! Pine hospicais are minutes 
away instead of houn. Businessmen can get spare oam 
or macerals the siav they order ahem. The towns are 
growing again. New industr.es are spnngir.g up. It’s easier 
to hire good teachen. Tounsm Is developing like never 
before. And there’s a whole new opnmism in the air— 
abac literally came by air. 

.As for Wiceroe’s, it is looking forward to using 
the 5C-passenger DASH 7 as mamc grows, parr.cuiarly 
north of the .Arctic Circle— because i: knows what 
to expect iTom de Havilland in the wav of perform.ance. 
The ie Haviilarui .Aircrc.f: of Limited. Dounsciew, 

Cnccno M3K IY5 Teteohone (•16) 533-7310. 

Teiex: 06221 25. Cibuc .Moch.. Tarcnco. 

Twin Otter: the standard of dependadility and profitability in 50 countries. 

GS naVliicflG Wioiwal page is pcxm 
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CIVIL DOMLSTIC/FORFIGN APPLICATIONS 






siioiM-iiAiii. coNcrsnoH iii:i-ii:r 


l.ow Noisi: I'uovinns Accei'iaiiu-; High Deniuty Alternative 


Parallel SIOI. Kunway Oi'Erations at Major Airi'orts 


Hemoval oe Iraeeic Prom Major Airport to Suiiuriian 
Pel 1 EVER 


N I (HIT - I I Mr. CARdU Ol'r RAT IONS 


I low Noisi-: Coiii.i) Allow Nioiii-Timi; OptiiAi ioN 

• Incui'asi-: I acii iiY and AiiiaiAn Urii.UAiioN 

9 Rti.Ariii; 10 CoNotsrioN Ri-uti- uy Si'iiitAoiNo 
Oi'KiiAVioMs OviHi Long Timf. Fiiame 

I I'acii.i lAiFs Gitowni iii Am Caiigo ion Uniuiif Applications 

- High Vai.ul Iilmg 

- I'ASi Moving; Low Hulk 


I'FniSIIAIll.l-.S 



UITKAIION IN MOUNIAINOIIS li:iUiAIN 


• SuiTCii lit Si:i.i:cii;ii II. S. Aiki'outs- MifniuH and 
Low I)i;nsiiy 

t l*AK I iciii.au AhI’U cat ions Ovluscas 

- lillUOI'LAN CoUNIItlKS 

- Jai’an 

- Son I II Amcuica 

• Tew Al IIIUMAIIVI'S II Nl;W KCGIONS AItU TO IlC IICVCLOPni) 


rn IdliNT INIi:f(MOI)AL ihansr-k 


• Iniurmodal iRANsrtR Along Kadials Ouiside CBI) 

- Truck 

- Kaii. 

Auio/Hus 


I Oriraiion a I I'oiNTs 01- Major Cargo Transi-er 



■ SAI I IY 


I SaHIMY MaKGIN A1 1-ONGtH Kdnways 

GuCAitll CttiAltANCES FOU AsCCNl/HtSCENT 
Oi'f;((Ai IONS IN Momni ainous Ifuuain 

Al.TliltNAMVCS FOU SlIOIII lillNWAY— lllOII Al.llTOUF AIRPORTS 


INTEGRATED GROUND-AIR TRANSPORTATION 

1975 - 1990 


00 Ml 



PHASE 1 


M O ti 

MtGAl OPOl IS TO 

PHASE 2 

»- r( . W. . 

Mf GAlOPOl IS 


(rxi 

200 10 500 Ml 

LOCAl SEIIVICE 
SMAI L CHICS 



RAPID TRANSIT 
FIXED WING AIRCRAFT 
EXPRESS STOL ROUTES 
STOL PORTS 



nrsioi NMAl. AND 
Rl (JU Al lONAl 
COMMLiNI I Y 
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SUMMARY 

(^OIKNTIAL CIVIL IIINLLIIS OF SIOL TECHNOLOGY 


• Fouizign/Domustic Makklts 

0 UizcREAsiz Noise Impacts 

1 Relieve Aireort Congestion 

1 Reduce Access linE 

I Reduce Land Acquisition 

0 Increase Saeety Margins 

1 Unique Adel i cat ion Areas 

I Imi‘Rove OvEimi e Froductiviiy 



SUPERSONIC AIRCRAFT 
FORECAST OF WORLD FLEET SIZE 
BY YEAR 2000 


Prepared by; 

Operations Research, I 
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INTRODUCTION AND SUMMARY 


INTRODUCTION 

This report covers forecasts of the world supersonic fleet size by 
the year 2000. Deliveries and fleet size are considered to be the same since 
none of the supersonic fleet will be retired during the period covered by the 
report. Six separate estimates are used in this report and show, where 
available, both an "upper limit" with no production constraints and a "most 
likely" number of aircraft based on production constraints. Most of the 
data used was obtained from the CIAP Monograph 2, September 1975. The Delphi 
forecast is based on an average of the responses of 34 individual experts in 
the major airlines, aerospace industries, national and international regula- 
tory agencies, government and private research agencies, and in aviation 
publications. Contested market data is available only in the Delphi fore- 
cast and only for the year 1990. This data was extended to year 2000 by 
assuming that the percent of market shares would be the same in year 2000 as 


SUMMARY 


As shown In Table 1, forecasted data Is only at certain points in time 
primarily, the year 1990 and the year 2000. Most of the projections assume 
that the U.S. supersonic aircraft would not go into service until 1985. It 
is more likely that no advanced U.S. supersonic aircraft will go into service 
before the late 1980 's or early 1990' s. - 

Of the forecasts made, it appears that the Douglas forecast of 330 and 
the Delphi forecast of 225 for U.S. supersonics adjusted to 340 for world 
production (see Figure 1) are the most likely to be attained by the year 2000. 

The data in Figure 2 was developed from a 1973 Douglas forecast that 
appears in CIAP Monograph 3 which estimates that there could be 131 supersonic 
aircraft in service in 1980, 250 in service in 1990, and 330 in service by 2000 
Also shown is a Douglas forecast made in 1975 which shows 18 supersonic air- 
craft in service by 1978 (this number is adjusted to 16 since production on the 
Concorde stops at 16) and 99 in service by 1990. 

Figure 3 is the Delphi forecast which shows both U.S. production and 
world production of supersonic aircraft by 1990 and U.S. production by 2000. 
Also shown is an interpolation of world production by 2000 assuming the U.S. 
share of the market in 2000 is the same as the U.S. share of the market will 
be in 1990 (66.0 percent). Also shown is a contested market of 115 supersonic 
aircraft which would have a $28.3 billion (1975 constant dollars) on the GNP. 

Figure 4 shows that the economic impact of one supersonic aircraft 
sold for $90 million (1975 dolars) would add $245.7 million to the U.S. GNP, 
provide 3800 aerospace jobs, 2350 jobs in supporting industry and 10850 ser- 
vice type jobs elsewhere in the rest of the economy for a total of 17,000 
jobs. It would also benefit the U.S. economy by providing $28 million in 
State/local taxes and $49 million in Federal taxes that can be used as the 
government's contribution to enhance the supersonic or other aerospace pro- 
grams. It will also make a major contribution to a favorable trade balance - 
U.S. as an exporter rather than an importer of supersonic aircraft. 

- See: Aviation Daily, 6/14/76, p. 239 and Astronautics and Aeronautics, 

June 1976, p. 23 




I 

I 

The scale in Figure 5 can be used to instantaneously determine the 
impact on the U.S. economy for up to 600 supersonic aircraft. 




Year 


Douglas 



3 


Del 

Boeing Lockheed UCLA U.S. I World 


51 j 

i 

42 I 


440 

300 241 165 

1855 

700 615 225 
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SUPERSONIC AIRCRAFT 
FORECASTED ECONOMIC BENEFITS 


Prepared by; 

Operations Research, Inc. 
July 15, 1976 


FORECASTS OF SUPERSONIC TRANSPORT PROGRAM 


Scenario I 

New Technology Supersonic Transport (SST) 


Technology Development Phase 1981-82 

Concurrent Engine And Airframe 

Development Phase 1987 - 88 

Start Production 1988 - 89 

Start Shipments 1989 

Total Shipments Of 309 By 2000 

No Competition 

50 Percent For U. S. Airlines 


And 50 Percent For Non-U. S. Airlines 

• If U.S. Does Not Develop And Produce 
The SST, U.S. Will Import To Meet 
Requirements 

Scenario II 

Advanced Supersonic Transport (AST) 

t U.S. Will Produce The Airframe. The Engine 
Will Be A Foreign Made Advanced Olympus 593 


• Start Shipments 1985 

§ Total Shipments Of 350 By 2000 

• No Competition 


• 50 Percent For U.S. Airlines And 50 Percent 

FOR Non-U. S. Airl ines 


TABLE 1 

U. S. ECONOMY - JOBS 


• U. S. Unemployment Rate in December 1975 was Highest Among Large 
Industrial Countries: 


§ U. S Unemployment Rate 8.5 Percent 

t U. S. Unemployed People 7.7 Million 

0 Average Number Receiving Unemployment 

Compensation 5.2 Million 


0 Unemoloyment Compensation Paid in 1975 . . . $18.4 Billion 


0 Additional New Jobs Needed Every Year 

Through 1980 1.5 Million 


0 Economic Assumption By The President 

For 1981 Is An Unemployment Rate of . . . . 4.9 Percent 

0 Unemployment is an Economic "Minus" 


0 Unemployed Married Person With One 
Child Living in Pennsylvania Who 
Earned $200 Per Week When Working 
Can Receive $5,900 In Unemployment 
Compensation. 

0 Restoring Job At $11000 Per Year 

Will Result In An Economic "Plus" 
of $7,900: 

- Federal Income Tax $ 1 ,000 

- State, Local And Other Taxes 970 

- Eliminated Unemployment 

Compensation 5,900 

- Economic Plus $ 7,870 


TABLE 2 


NEW TECHNOLOGY SUPERSONIC TRANSPORT PROGRAM (SST) 
ECONOMIC BENEFITS TO THE NATIONAL ECONOMY 
(1975 Constant Dollars) 

Actions 

Continued Technology Development Until 
Concurrent Engine and Airframe Development 
Start Production 
Start Shipments 

Total Shipments of 309 SSTs by 
BENEFITS 

Development Phase Will Add: 


Year 

1981 - 82 

1987 - 88 

1988 - 89 

1989 
2000 


Over 

Man Years of Employment 

Over 

Thousand 

Jobs at Peak of Development 

Approx. 

Billion 

to the National Economy 

Approx. 

Bi 1 lion 

to Federal Taxes 

Approx. 

Billion 

to State and Local Taxes 


Production Phase Will Add: 

Over 1.8 Million Man Years of Employment 
Over 165 Thousand Jobs at Peak of Production 
Approx, $62.6 Billion to the National Economy (GNP) 
Approx. $12.5 Billion to Federal Taxes 
Approx. $7.4 Billion to State and Local Taxes 
Approx. $16.0 Billion to U. S. Trade Balance 


TABLE 3 

FORECAST OF ADVANCED SUPERSONIC AIRCRAFT SHIPMENTS 

1985 - 2000 

I 2/ 

Advanced Supersonic-^' New Technology — 

Transport (AST) SST 



By 


By 


Year 

Year 

Cumulative 

Year 

Cumulati 

1985 

2 

2 



1986 

8 

10 



1987 

16 

26 



1988 

15 

41 



1989 

20 

61 

20 

20 

19QQ 

22 

83 

22 

42 

1991 

26 

109 

26 

68 

1992 

26 

135 

26 

94 

1993 

26 

161 

26 

120 

1994 

26 

187 

26 

146 

1995 

27 

214 

’Ll 

173 

1996 

27 

241 

27 

200 

1997 

27 

268 

27 

227 

1998 

27 

295 

27 

254 

1999 

27 

322 

11 

281 

2000 

28 

350 

28 

309 


ly 1985 - 1990 forecast published in, "The Passenger Air Transport Market, 
1975 - 1990," June 1975, Douglas Aircraft Company. Forecast for 1991- 
2000 provided as a total number by Mr. Lucien Rochte, Supersonic Group, 
Douglas Aircraft Company, 9 July 1976. This is referred to by Douglas 
as the Advanced Supersonic Transport (AST). Annual delivery rates for 
1991 - 2000 were assumed at levels indicated above. 
y Boeing (Mr. John Granville) advised on 12 July 1976 that previous SST 
forecasts made by Boeing are no longer valid and should not be used. 

Mr. Lloyd Goodmanson, Boeing advised that no recent marketing studies 
were made by Boeing on the SST. Assumption is made in this report 
that deliveries will not start until 1989 and will be at the same de- 
livery rate a? the Douglas AST. This allows for continued technology 
development until 1981-82 and then start development on engine and air- 
frame concurrently. 


✓ 











S,cc>A/o^(C, 

e. ly ^ p 

I ; ! j ; ^ i I ! ; . i 

; ’ I : {(^975^ CpA/^y^^'Srrjr^ 


pf^opucrtofJ Co%rs 

‘I ! ^. 1 . 

^2S.O BjLUoaJ 


6<CS^ 

\ \ 


IQMf^L 


/3^la/^cj^ \of= T/z/iha 


r^ 

i 


r‘ 

T 






1 



r 



1 

; 



1-, 



t 




. 


_i 



■ 



1 



1 



1 



i 






■ 



1 



1 

1 


1 

1 

1 


■ 

1 



1 



1 




1 











r 



1 



! 

1 



1 



t ■ 



1 



! 



' 



1 

1 * 

r - 
1 


- 


• 



•mm' 



“• 



























- - 







__ 










■ 


1 

- i 




f 



■■ 









1^ 

j 









- -.j 

1 

— 4 




1 








1 

-J 


__ 

1 

1 




r 

^“i 



r 

■ 

- 




1 

1 

- 

■ 

1 - 

" ■ t 
1 

i 

1 

1 1 
* - ♦ 

/^ fLLje, 

1 . t . 

1 3.f^L^0 








' I I II I 

1 j I 

p£u£L(oet>^£*^\ 


^ oLo Ck'^ 






























i \^0PE-^C j /-f/i O ^ 

(u fif^cr PA< \/3 /u&a/^m. J>=! r/? 44 iJi -r i 

■ ' k^ 7 ir j 4 ^^Wy;r ! |-n l-i t- 

! I I ! I ' I I I I ^ ' ' I 


! i 


/^^4/A/ljC2> TT/J^'rj f^ LL 

Spya'^af' *^ 4 ^' 7*£,(pp<fcSI> Af^c^ \ 

£^x/te4'-i •?«% ! i i ! Ill 


• -I -!- -. - 


I I i 



,-f-pi 


i- -t- 




II.; . ; I I . - 11 -.. 

(f c/-^, /St^ SiTs 

< , I i 


j / O P/^CtO^ 


\ /5£(pa /^£/^SA/r \ I 


: j/^^-fr^': ‘I , I ,i I 1 'i: 

I^V 1/i I I 1 ; 
















sft 


























/ ■ 1 • 


/^OrJ 


MPi^ytJBAjr" . ; 








t/ J. 

Ai/i^jkdCi 


QULt»*J 






^ Cn 


/ \/sj 0/U<S^ __ 

A/^W ^ ssr S/^/ 

/ /vf /^yf^r dT A//^ * 

/9^y - 200 0 . f\ 

0"9ys~ CoA/^rn^T' Z>acL/f^ 4/fUC/aAj^^ | 








/^f 3 

/ffy; 

/ffr 

/ 99 ^ 

/99') 

/ 99 ^ 

/99f 

Z0£>0 


^ZJU 


^ - /T 




\rHM. 7 c. 


<^v 34 >^ Si>^iS9 
So,^il^\/33 3Vi /o/^ 972. 
S'Oj //</33i9i/a/^ 9yi, 

9^^ 97^ 

So, 2 !(• ioA /Ol, 9 7 v 

Si,9‘^7 339 2^3 \/cS,i9‘A^ 

I I 

Si,99\i^t^ i9-J /0Sj99\ 

Si,99j '^So 99-\(°^J'3‘^\ 
S3.,99J, SSlo9i\ /osj9‘A 
Sif9oi\ ic^9^f Jof, Si (. , 


\ioS,9'2-f- 


k. ^9S 


/SS,S'^I /33/s^K/; 
/rs, S9i I'^99ii\^ 
/Sk, i9t 1^/3 il 3\ 

k‘^^7iV| /S,pS9\ 


Vl^'l 


~72 ^ ^7 ^ 

/7,Kf\,f. I 


rc^ ^t rt j .tL- 












i I \ * ' * I 

JOXU..OJM 









t 


j£e»^0L0^y ssr 

^ ^ODO Xj,<»4/fVc-tf TAAbe. 

^ 7 « ?• Zo e o 

C/?7X Cc*/!,T^T /V A^tcuorji^ 

A/*4/7-\ L U 


1 1 ^— - - ToTTfL, I ^ ^ST" rT 7 rrrrP^^^"c^ // f- I — ^ ^ | 

/ f/f < /^^j fyfj'^yy.a * M'\,,pj 

ll '''^° \ ^'^'’1 /,o7i.4 ,ns 

n?7.. 2^Jy2) /,no\>,no^ n/./y,3¥f./ /,07C.¥\j,l(.iX /3f.Al^¥r3J 

I 9^9'3 2^3¥o Ijipo^ ijipa /7«/C/ i)3¥/,f »7i.¥\ itfi.l, /7f,/\t^t/s3./ 

I /99^j -^,-3¥a /, /Jo! !,no <7'T.r !^3¥U zii.L /if.Ai^Si./ 

99 \ 7-,¥30 IjZ/S" /,Z/f \ //>. >'1 /^i?7,v /,//J.i I^h/L.z lU-i\ I^SoP.c. 

/99y, ^,92o l,Z>S- /,z,r\ /9r.>\^^ i.^n-7 /^3'Z.i\ i%.Al,U %0 

I ^ ^^^‘^\/,3f7.3 1,117.1 l,Z>nA /U.I\',^‘>lo 

/99 \ ^j‘9iO\ IjZfS- /,z>S^ /^V,i/^3^;,J ,,>,7.3' 7^3, 2.. z i%.As°9o 

, ^?9i \ 2,</-io\ /, i/T /,i/j'| //v, 3 /,if7,3 l,iq.i.l,2>z.-3\ /fC.ll l,^cf.o 

I 2^00 \^i.,Szo. /^l(.c . /,L(,o\ /9i.Oy,¥^fo J,>^f.uj^3(,0.i\^ z^A\ i,fi9.f 

'^t ^ ' I 

{TcrTtL zy^iio ■ /^ f,r . ^ 1,^993.^ % 79i.i. Ao,p.4\2,z^z.i:^,'], Z7o.^ 

i ; ' i I ; I i j j 


J*^zu.s7 >->^ ^uJt, z 

OA/7iOT70 aJ^ i, ! 

'JXcJLa^ 



j .^^6^ S'O^ 
i ^3. S, <a-4k-^u^ 


sj rz^ 


-'to iJL. 




«A *<, ^i£. 4“ 

« I . 


■ sr/^ 

\ ^ 

! 

-C£>--cjCjL ^ 

M 



i x/-zc ssr, i ; ; I , ; 

^ I ^jf ^ ‘ A ' ' . : { 

I -ujSc^ Xw JZudtoL 

^ rAiC_ s LT: 7^ ^6-^ 






r/>t^CE r 

0>r ^ ^o/>^^S0Ay/c TTz^^/bi^r (^IT^ s^^t^iQ,Ajn 

/ A^ ^ 7 ^ a Ai ^ a/ ^ 

^ 9 ^ S^ 2 . ^ o 0 

C/flT CoA/^r»Vs/T- ^ o AAtCCto*J^'\ 








///£- I 2 ISO i¥.i '/iS.j \ uu ' iz.o\n 4 .o" 2 Js.o~ ss.o\ 

/ 9 SL \ S c,oo f 7 ,i \sc>j\ S^ 4 \ U.l \ ' 4 SS.^\ ., 3 ^,i \ Z 20 . 2 ,' 

/f '^7 I /99M y,ooS.(.\ /oSi \ /%.-b\ 9n.’)\ 2^in^'\ 99o. g\ 

/9i9 I /i" /^/^ 5 ■ /ii,i \ /l>S,l\ is9.l\2,>no 9ii.o\ 

/ 9 if I 20 /^Soo 2 ‘^ 3 .oY,iS-).o^^ ^'■^^'7 ; 2 ! /v^j SSo.k 

/ 99 o I 22 // 65 b I I ^ 3 / 2 . 7 ! i^i ,9 /^zss.c J^IJ<^ 0 : ^oL.k 

/ 99 / I 26 , I / fi'iPj 3 /j-,^ i / 76 i| 2 / 6 ,^| ^V //.6 3 , 7 <»» 4 o 7 ,^,^ 

/?fv i z 6 I /, 7 ^o J/ 5:7 /, 63 ^/i ^ 76 /; ziL 9 i.'^n-L 2 ^-jc 9 o -),Lo'. 

i 26 : l,9So JiS.fl/^i3^i ljU' ZSLA I,9!I.L 3 ,-}c 9.Q\ -),i.o. 

//7V i 26 I ^f5-<3| 3iS.f \^uz<9.i /p(.i, zSL.4 I, >^ti.L i,lo9.o\ -},c.o 

/ffr I -17 ; Z.^oir\ 2z3./\^t,n.<j /JiL\ 297.9 ^,S3iL ;v3.r| 

/7?6 ^ 29 . 2^02/j >52/,/ 1/^ 6f6,7| -^^7-Vj /; 53/.ij 5, 7</J,i"| 

''^77 I 2 / I 32 /,( 3 |^ ^ 77 .aj 277 <‘>^| l,Sit.(.\ 3 ,i‘ 2 L/ 7 VJ,il 

/? 7 / : 27 I 2 ^o 2 .r| /^/ 36 | i 9 ^M\ f.sii.u\jj‘^L.r 7 v-i,i‘! 

, 2.7 ^ 3 iS.o /,(> 97 .o /Ji(o zly.^Y ‘,s-i,i.(., 3 J> 2 L./, ’) 9 JJ’\ 

20^0 zS \ 2 ^ioo\^J 9 a.Li, 7 ^f-g^ !, 9 o 9 \ iclM^i^ 09 r:L 3 jgf. 0 , 7 ?/:o' 

Tbr^^ I 2 S'iD f 2 i.,i{o\^zS 2 .^. 2 l, 9 n^^ V Jf-c 

'■ r- j I * » ! 

aX ,XKL^<^ £t£ ' y , 

i-y, S S.r('zf^.o^ 

: I I ' i i 1 


-2 /So ! 2><3 

</ UoO ! b7 7 




•' 9 i> 9 , jt-. 2 > -•«■ - 7 °. 6 >« < <! ^ . .^ ^ ^ — \ 


7 VJ,il 

7 ‘/i.i-! 






S , 








4 T 







E /ea4pu//e^^^aAj/^ 

7"0 ^CCf^'c^^ ^fST" /^/^oAuCTTOfJ 

o • s 4 V a u s A^o A/ - j“ , 


V 

/^r. 

1 

/g<^-e 

y^Lca*fc£^ 


/PAS' 

z. 


/ff 6, 

S 

/3po3 


/(a 

2^C/ Cm 

/9Af 

/s 


y9Sf 

2.0 

3zfU3 

/fpO 

Z2 

ZS^77-u 

7 99 y 

2L 

•9z,Z7(. 

/<79->' 

2L 

¥z^z7L 

/‘993 

2C. 

yz,z7Z- 

/99</- 

2C, 

9z7.7L\ 

/99>r 

^7 

¥3^foz\ 

y99^ 

27 1 


799 7 

^7 ' 

9i77oi\^ 

/i??/ 

Z-1 ! 

1 

9z>,9ov^ 

1 

27 1 

1 

9ofoi:\ 

ZoOQ j 

28 ; 

i 

9^^/iS 

1 

i 

35o 

1 

1 

S(.f/oo\, 


^V »*y. 

930 


"■■ j 4^d SA*jf>eeji (/.s« 

i.ii.3. &,fCL\ 


9l^03i\ 


/fiif yJjOz/ I •^f,/’o7l 

c.% /oo\/dz^ ;s^/| ^4Jj4j <.;i \/^ 




Usi 
I O^ «/• s « 
\S*r^iff^S43Y“ 


i-.lfO 


//^ fi O 


J- 2 .^ 3z3 
?zi 
27j9o3 
3o^<-f3 
3^,i7j\ 

273 

27jUS\ 

37^U/\ 

i 

J74i/ 

' I 

j 

f~a atL 


> I 

/Ir-H,^ X^.ySa 


v3^ i/, ^ 


^ Xt .i4 ^ I V _ -I 


I /t" . *>^'L 


►V*" I 








^ C 4- 


Su /^£^0f<> t C i7“) 

J^SS-XOOQ V 

(/^y^ C^'^'Sr^y^r 2>ai^C'y^ A^tL^/O^Z 




U,^, duc£0 


^/OAJ* cis. /’2eo£>bC3r^ 

/S'9-^ 

To rA)L 



To-n^L. 


^ /aa£ 


ro-mL 

/ f f£ 

■3 

/So 

A 

/2/>7 

/z.i 

/3lJ> 



^■7 

J4a 

/9^L 

^CO 

SoiJ 

So. 3 

SS3, ! 


-f?, V 

jj.f 

/3SI 

^9^7 

/^ 2 oD 

/ooS,i 

^ 00 , L 

i,loL.l 


/^V; 4 

77.-T 

2 7/, f 

/9n 

/ /2 j" 

9 ‘^2 -7 

99 . 2 > 

to no\ 

lJz.3 


z/S, V 

/9^f 

/j 

/, 2 S-J .0 

/ 2 S 7 

/,3h.y\ 

27^3.0 

9l. ^' 

Jyi. 

( 

/99d 

1 

/^LSo 


/3l 3 

//l/.O 


ZLpS 

ioL.i 

i7/v' 

i99j 

l,9^a\UBd> 

iui.4 

'pnr 


3>S9 

JZL9 

44i,3 

I9H 

!>9^o 

I^L59.! 

iL 3,^ 

ipnf 


2/S9 

/7.L.4 

4 Si. 2 

/ffj 


/,^3‘:/ 

1 C 2.4 



3'3.<y 

n!..4 

^i,3 

/yf‘/ 

!, 9 so 

I.U9./ 

1 U .4 

pnf 


3/f* ^ 

/zS4 

4Sz.3 

\ 

> 

V'r- 

2 ^oif\lL9L.9 

1 L 9.1 

i 

l/U.L 


i>// 

/i/,2. 

‘/Sf.3 

/f« 

2,029 

/,^9i.y 

/Lj.-) 

// (ai‘C 

J 

oyi.l 

m.L 

¥^f.3 

im 

2 oi/" /jd7^.o 

u.^ ■> 

//i;,7 

or 3.0 

m.i 

dSfL 

nn 

1 

Z ^zS" 
2 

/^ d 9 '/, s 

1^9-1 

f 

/ HL.-] 

2yS>o 

/.;a^ 

^S9z 

/ff?’ 

2 , cx9 

/,i97.o 

iL.j .9 

ipuL.j 1 

3rS,o 

tH.L 

rs9.-. 

2 .00D 

2 

/ 7S9 i 


!, nfJ , 


/3iJ 

4%. 3 


^bJv vraj> 

rc r^L 


rj 


iJ 


■ / 


■"/ 


Ts^L 1 2C, ^/c3 2/,9‘f^l2.,/ HfJ -3 


,^-iVl’/ / / 7c'/'^ fi”-. ; -3'-. i 


CL^.^ dLc<j€^' 


\ /H 7^/ C I i 

I a- .Ji6t_:- '•’H ^ ^ 

‘ v£, 

1/ 


/ 








AO 


<^Cy 

A^rly ;s::>^ -S ^ 77 


/ C2-<-tV' "^i-»-^-'--^»'-JCt-^ 

ry xUjl, 

/f 4 




<1^ .„^*-<r.<r^ 

'-w 

-a_o, 




c'^r Su^j£/eso^/c 

ZA/^/^^r^/vz E&c>^ct cP 772/-h:>£ 

/^/-T — i 040 <c> ,. 

C/fyr T^'T-^v/^ iic /V M iLL/ O 

(/H^um£ So/ro split^ 


U,i. T' 




rriA-i^ ’ ^^ 4 . 


I I I T"® ^ ^ 

; /iff [s^/>^r^ 7 i 




7 "onc^L. ^^A^J'^r/C 


* iL^\^ ^%L * '^.D 
3VfZ<i 2yi.u 
6>Hf,o. SS3.C ZO^.O 
(c<-!l,.i S/iS ZL%i 
j fi/Y , (if/.'Z /')o,l 

^Uo,S 

i Zf/-i| 2V< / 

/^//f. f! /f/.i’l 2 2/,/ 


T'qt^C. 2 >aA^Sir)c BxPo/t 7 * 

T 


S^*L\ 

JLO^> lo 

^l-/,o' 

I 

^lo.f 
Si/. 3 
S12.‘^ 
- 77-7 
^ni I 
<•11.1 ' 
^77-7 I 
~/oi.!^ 
yaS- 
Jo 3 . ^1 
yo 3 if 
yc3.^^ 


7>f./ 


%/V-.C 


A/^r 


I .1 


/9S£~ I / 7 Z-J 


I .1 


/9^i> 

/9S-) 

i9i'i 

z9^f 

^99o 


Ufi 

i,i-)S.i 

l,2fz.l 

1, 7^2-1 


i 99 j 1 ^ 229.1 

z9 

1991 : /, //f.f /f/’-Z 121 ./ 


1999 

19 9 S' 2 ,S 2 S.^ 

j99L> 

1999 2 .,itf .9 

199 i 

i 99 <f - 22^.9 
2 ooa\ 2 ,<f/i, ! 


« 


TorftL \SojSc.l 


S 9 S.! 22 /./ 
933.3 rzf, 7 
933.3 2 2 f.; 
933.3' zzf.y 
p3.3. 229 ] 

933 . 3 '' 2 z 9 y 

/^ 2 oLJ 9 ^ 9.9 32 i.l 


l,n%9 

/^ / i3. o 

(^ J (o 3 tO 

//L3.D 

! >LS.o 

/ 

iji(>3.o 


SSt 
Cilf.o' 

i(siiS 

Z^74, 

!/'f.f 

/y^'9.9 

/,z/9.J 

l,ni.9 

i.iLs.o 

\ 

/ /i 3 , 0 
11^3 . 0 
/ /L 3 . 0 ' 

) I 


/j 20 />,0^ 2li,l ^ 


/ 9.0 ^f.y 
iai.o 2%,(. 
/ 3 L .0 SS 3.0 

iSJi^ ^/^.s 
/ ~jo. / ^9>- 'Z 
Ip. I 96 = 0 . s 
12 /. ! 89 Li 
12 /./, iii.i 
22/,/j S 9 li 
22 /,/ Sfi.i 

229.9 9 ^S 3 
229.1 p 3.3 

229.7 

22^7 fii.i 

227.7 > 

Hf 


\i \y/ * 

/s^ 073,9 /Yip i 3 ^ 1 %,-j 


/s^o 7 f ,9 2 p %.9 iicp.-j 


53,0 

1 /Z.O 

3 

52 f.s 

5 S 1 .J 

i>i 3 .k 

^ 22 ./ 
U'd.S 
7,s./ 
7,s; 
9/3.1 
7/3. / 
1,/'./ 
7V,'. 7 


" 2 , 7 ?, .- 


I 


I 'I 



^£. pju/- C C., ^ 

J ' 1 ‘ , * , 

i f - JL5^ 







NEW TECHNOLOGY SUPERSONIC TRANSPORT 
FORECASTED ECONOMIC BENEFITS 


Pr''pared by: 

Operations Research, I 
July 22, 1976 


INTRODUCTION AND SUMMARY 


INTRODUCTION 

This report covers the estimated costs and related benefits associated 
with the development of the new technology SST. The development costs involved 
range from $5 - $7 billion during the period 1978 t' 1988 while the associated 
benefits cover the same development period together with the benefits derivpd 
from production during the period 1989 to 2000. These latter benefits are in- 
cluded in the ORI report delivered to NASA on July 15, 1976. All costs and 
benefits are stated in 1975 constant dollars. Additionally the benefits de- 
rived from Federal tax revenues during the production phase are also stated 
at their discounted present value for valid comparisons with the R&D invest- 
ments. This conversion was not necessary during the development phase since 
the tax revenue is generally received during the same year the investment is 
made. 

SUMMARY 

Table 1 shows two selected problems that are of National concern - 



i 


Unemployment and U.S. Trade Balance. Unemployment is addressed in the Economic 
Report of the President, January 1976 while a NASA objective as stated in the 
FY 1977 President's Budget is to, "continue to advance the Nation's aeronautical 
technology to ... enable private industry to maintain a strong U.S. competitive 
position in the international Marketplace." The new technology SST program 
will have a favorable impact on both problems. 

The planned actions, developments and related benefits (employment, 

GNP, Federal taxes, U.S. trade balance) are summarized in Table 2. The Table 
shows that if the government were to provide total funding of the R&D phase 
($7.0 billion) the Federal tax revenues at discounted present value would ex- 
ceed the R&D 'osts by $1.5 billion. The return on investment to the govern- 
ment would be increased by the amount of participation by industry during the 
R&D phase. 

Table 3 shows a comparison of government spending under three alterna- 
tives using the large scale macroeconomic model of the Chase Economic Associates. 
The study conclusions are that by retaining high technology programs such as 
space and defense hardware as opposed to other low technology alternatives, 
there would be increased Federal tax revenues, higher employment levels and 
larger GNP. 

The yearly (1978 - 1988) R&D costs, im.pact on GNP, employment and 
Federal tax revenues are shown in Table 4. The employment data were based 
on computations shown in the FY 1977 President's Budget and are explained 
by footnote in Table 4. 

Table 5 shews by year, 1978 to 2000, the Federal tax revenues received 
each year that a'^e related to R&D and production. The amounts related to pro- 
duction have been converted into discounted present value and statistically 


applied to each of the R&D investment years. 

Figure 1 is a graphical summary of the R&D costs and the related bene- 
fits derived by the government during both the R&D and production phases. 

Also attached are opinions of the Council of Economic Advisors to the 
President and industry on the timing of government investment of R&D funds. 
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TABLE 1 

NATIONAL PROBLEMS 


t Unemployment 

t U.S. Unemployment Rate in December 1975 was Highest Among Large 


Industrial Countries: 

- U.S. Unemployment Rate 8.5 Percent 

- U.S. Unemployed People 7.7 Million 

- Average Number Receiving Unemployment 

Compensation 5.2 Million 

- Unemployment Compensation Paid in 1975 . . $18.4 Billion 

- Additional New Jobs Needed Every Year 

Through 1980 1.5 Million 

- Economic Assumption By The President 

For 1981 Is An Unemployment Rate of . . . 4.9 Percent 

• U.S. Trade Balance 


• U.S. must continue to advance the Nation's aeronautical technology 
to enable private industry to maintain a strong U.S. competitive 
position in the international marketplace. 

- If U.S. does not develop and produce a new technology supersonic 
transport, U.S. will import to meet its requirements. 

- There is a $32 billion 1975 constant dollars trade balance swing 

at issue. 
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TABLE 2 

NEW TECHNOLOGY SUPERSONIC TRANSPORT PROGRAM (SST) 
ECONOMIC BENEFITS TO THE NATIONAL ECONOMY 
(1975 Constant Dollars) 


■ Actions 

• Technology Development 

• Concurrent Engine and Airframe Development 

t Start Production 

f Total Shipments of 309 SSTs by 

★ 

Development Costs 

• Technology Development 

• Engine and Air Frame Development 

Total Development Costs 


Year 

1978 - 82 
1983 - 88 
1989 
2000 


$1 Billion 
$4-6 Bi 1 1 ion 
$5-7 Billion 


Economic Benefits 
Adds Man Years of Employment 
Adds Jobs at Peak: 

During Development 
During Production 
Adds to GNP 
Adds to Federal Taxes: 

During Development 

During Production (present value $5. OB) 
Adds to U.S, Trade Balance 


2.5 Million 

100 Thousand 
165 Thousand 
$80.1 Billion 

$ 3.5 Billion 
$12.5 Billion 
$16.0 Billion 


I 


Development costs range between $5-7 billion. Government Share not yet 
determined. Worst case is for government to fully finance at the $7.0 
billion level. Return on government investment during development and 
production phases is $16.0 billion in 1975 constant dollars and $8.5 
billion in present value dollars. 
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TABLE 3 

COMPARATIVE INVESTMENTS 


Using ti ^ large scale macroeconomic modil of Chase Econometric Associates to 
evaluate the effects of three alternative spending mixes in a fixe:< t-ntal 
budget for the Federal Government in Fiscal Years 1973 and 1974. Spending 
adjustment in all alternatives was $3.7 billion. 

Altet natives 


1. Holding the line on high technology expenditures, such 
as space programs and defense hardware. 

2. Reducing grarrts fn aid to the States. 

3. Reducing Federal civil employment (5 percent) 

Findings 

A1 ternati ves 


Federal deficit reduced (increased tax 
receipts) 

GNP higher 

Fewer people unemployed 


- 2 _ 1 . 
$1.5 B $1.2 B 

8.8 B 6.0 B 

130,000 people 


Conclusion 


Retain the high technology programs. Results in smaller Federal deficits, 
higher employment levels and larger gross National product than the alterna- 
tive in which technology is constrainted. 


Source: Understanding the Impact of Aerospace Programs on the National 

Economy, Bernard N. Kronberg, Chief Economists, Government 
Affairs, B-1 Division, Rockwell International, March 14, 1975 
(Case Study C) . 


TABLE 4 


FORECAST OF NEW TECHNOLOGY SST 
DEVELOPMENT COSTS AND ECONOMIC BENEFITS 
1978 - 1988 

(1975 Constant Dollars in Millions) 


Year 

R&D 

Costs 

Impact-^ 

on 

GNP 

2/ 

Personnel — • 
Compensation 

Aircraft-^ 

Industry 

Employment 

Total—'' 

Employment 

Fed^/ 

Taxes 

1978 

$ 40 

$ 100 

$ 30 

1,320 

3,960 

20 

1979 

240 

600 

180 

7,924 

23,772 

120 

1980 

240 

600 

180 

7,924 

23,772 

120 

1981 

240 

600 

180 

7,924 

23,772 

120 

1982 

240 

600 

180 

7,924 

23,772 

120 

1983 

1,000 

2,500 

750 

33,017 

99,051 

500 

1984 

1,000 

2,500 

750 

33,017 

99,051 

500 

1985 

1,000 

2,500 

750 

33,017 

99,051 

500 

1986 

1,000 

2,500 

750 

33,017 

99,051 

500 

1987 

1,000 

2,500 

750 

33,017 

99,051 

500 

1988 

1,000 

2,500 

750 

33,017 

99,051 

500 

Total 

$7,000 

$17,500 

$5,250 

231 ,118 

693,354 

$3,500 


1/ GNP multiplier of 2.5 used. 

~?/ R&D is labor intensive. For this study it is assumed that 75 percent of 
the total R&D costs are for personnel compensation (see NASA budget for 
Research and Program Management, The Budget of the U.S. Government, FY 1977, 

p. 662) 

3/ Average annual pay is the computed pay per person in the FY 1975 column of 
the FY 1977 NASA budget, for Research and Program Management in the above 
reference ($22,715). 

4/ Multiplier of 3 used. 

~T/ Paid by cor' irations and individuals. Approximately 20 percent of GNP. 
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FORECAST OF NEW TECHNOLOGY SST 
ADDED FEDERAL TAX REVENUES 
1975 CONSTANT DOLLARS AND PRESENT VALUE 
(Millions of Dollars) 


R&D 

INVESTMENT 


D D E D 

F E D E R 

ALTA 

X E S 


R ^ D 

Phase 


Production Phase 


Year 

Amount 

1975 

Present 

1975 

Present 

1975 

Present 



Constant 

Value 

Constant 

Value 

Constant 

Value 



Dollars 


Dollars 


Dollars 


1978 

$ 40 

$ 20 

$ 20 

$ 71 

$ 28 

$ 91 

$ 48 

1979 

240 

120 

120 

429 

171 

549 

291 

1980 

240 

120 

120 

429 

17'. 

549 

291 

1981 

240 

120 

120 

429 

171 

549 

291 

1982 

240 

120 

120 

429 

171 

549 

291 

1983 

1,000 

500 

500 

1,787 

712 

2,237 

1,212 

1984 

1,000 

500 

500 

1,788 

712 

2,288 

1 ,212 

1935 

1,000 

500 

500 

1,788 

712 

2,288 

1 ,212 

1986 

1,000 

500 

500 

1,788 

713 

2,288 

1 ,213 

1987 

1,000 

500 

500 

1,788 

713 

2,288 

1 ,213 

1988 

1 ,000 

500 

500 

1,788 

713 

2,288 

1 ,213 

Total 

$7,000 

$3,500 

$3,500 

$12,514 

$4,987 

$16,014 

$8,487 

Production 



Federal 



Year 




Taxes 




1989 




$ 810 

S 530 



1990 




891 

530 



1991 




1,053 

569 



1992 




1,053 

517 



1993 




1,053 

470 



1994 




1,053 

428 



1995 




1,093 

403 



1996 




1,093 

367 



1997 




1,093 

334 



1998 




1,094 

303 



1999 




1,094 

276 



2000 




1,134 

260 



Total 




$12,514 

$4,987 




TIMING OF GOVERNMENT 
INVESTMENT IN R&D 


Question - When should Federal government R&D ^unds be i".vested to encourage 
the earliest participation by the ceronautical industry in the R&O 
phase. 

Answer- The Council of Economic Advisors to the President and industry 

(Boeing) both favor Government emphasis on technology development, 
(see below) . 

Council of Economic Advisors 

Economic Report of the President, 1972 p. 126 

"...Government has an appropriate role in R&D even when its results 
will not be incorporated in Government purchases, because private firms 
would underinvest in R&D for goods normally purchased by the private 
sector. Although an investment in R&D may produce benefits exceeding 
its costs from the viewpoint of society as a whole, a considering 
the investment may not be able to translate enough of these benefits 
Into profits on its own products to justify the investment. 


... One way to encourage more spending in R&D for private goods is, of 
course, by direct funding. When this approach is followed, it is sensible for 
Government's share of total expenditures to be greatest for basic research and 
to decline at subsequent stages." 

Industry 

Mr. J. E. Steiner, Boeing Company, in testimony before the Subcommittee 
on Aviation and Transportation R&D, May 11, 1976 presented a manufacturer's 
viewpoint on the "Future of Aviation, National Transportation System" said: 

"The total need for development toward better commercial 
airplanes is vast. The fact that we have done relatively 
little for some years has placed us in a position where 
we, as a Nation, have no significant advantage in technology 
over foreign competitors. Regaining our former technological 
lead may, in fact, be impossible ... as someone once said 'we 
must simply run faster I Running faster requires government 
sponsored tC'-hnolog.v development in conjunction with industries 
capability to integrate the results of basic research into 
viable economic products..." 



SELECTED FEDERAL PROGRAMS 
WHICH PROVIDE SUBSTANTIAL 
ASSISTANCE tq THE 
RAILROAD TRANSPORTATION INDUSTRY 
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INTRODUCTION AND SUMMARY 


INTRODUCTION 

This report covers four selected Federal programs which provide sub- 
stantial financial assistance to tne railroad transportation industry. The 
selected programs are: 

I. Washington, D. C. Metro System 

II. Conrail 

III. Metropolitan Scale Application of Automated Guideway Transit (AGT) 

IV. AMTRAK 

Federal financial assistance for Conrail and AMTR,'\K is authorized by 
the Regional Rail Reorganization Act of 1973, the AMTRAK Improvement Act of 
1975 and the Railroad Revitalization and Regulatory Act of 1976. Federal 
assistance for the other transportation programs is authorized under the Urban 
Mass Transportation Act of 1964 as amended. 

Current costs of entire rail rapid transit systems are in the range of 
$20-50 million per mile for capacities of about 30,000 passengers per hour per 
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direction. Underground lines cost as much as $100 million per mile. 

SUMMARY 

The Washington, 0. C. Metro system started operations on March 27, 1976 
with 4.6 miles of completed track and 5 stations. The total cost for 100 
miles of track and 87 stations is estimated to be between $5.0 and $6.5 
billion. The completion date of 1982 is uncertain. The Mitre Corporation in 
a 1975 report indicates that the projected operating revenues won't even 
cover the interest charges that would normally be associated with such an in- 
vestment. At the peak of construction there were 9,300 direct jobs and by 
using a multiplier of three, resulted in nationwide jobs for about 28,000 
persons (including consumers and services). 

The Conrail systems, aided by a $6.4 billion Federal program is in- 
tended to keep the railroad industry in private hands and save it from fur- 
ther degredation. It is estimated that it will take at least eight years 
before Conrail will start to show a profit. It will operate 15,000 route 
miles and continue employment of 90,000 of the 97,839 employees of the bank- 
rupt Northeast railroads. 

The Metropolitan Scale Applications of Automated Guided Transit (AGT) 
requires a capital investment of $7.8 billion of which the Federal government 
will finance up to 80 percent ($6.2 billion). The AGT covers 380 miles of 
dual guideway in four metropolitan areas in the United States. 

Congress recently approved a $1.6 billion rail improvement program 
for AMTRAK to provide high-speed railroad passenger service in the densely 
populated Northeast Corridor of the U. S. AMTRAK commenced operations in 
1971, reported deficits of $150 million in 1973 and more than $320 million in 
1975. An operating deficit in 1980 is estimated as $400 million. "For each 
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of almost 19 million passengers," the New York Times in 1974 states that, 
"taxpayers will pay more than $12 for his ride." 
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I. WASHINGTON, D. C. METRO SYSTEM 


Metro is the largest rail rapid system ever built under one plan at 
one time. Congress ordered a physical start to the system in 1960. The U. S. 
Government made a grant of $1.1 billion ($1.6 billion in 1975 constant dol- 
lars) in 1969 at which time the ground was broken. Some pertinent data regar- 
ding the Metro system follows: 

t Cost of total system, $5.0 to $6.5 billion 

0 100 miles--87 station network, 53 stations underground 

0 Half of stations under construction or completed 

4.6 miles--5 stations completed March 27, 1976 
-- 40.7 miles--37 stations under construction 
0 556 cars will be in service when system is completed 

-- Rohr cars are 75 feet long 

— Carry 81 passengers seated and another 94 standees 
-- Run at 75 mph, averaging 35 mph including stops 
0 In 1972 the government guaranteed revenue bonds sold by the 
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Sources: 


transit authority. Other national funds come from unused federal 
highway grant programs for the region. 

At the peak of construction activity; 

-- Construction contractors employed 7,300 laborers and 
skilled craftsmen 

-- Another 2,000 persons are directly employed in Washington 
and elsewhere in the U. S. in planning, engineering, and 
technical aspects relating to construction or operation 
of the system. 

Current fare is 55 cents during rush hour and 40 cents during non- 
rush hours. Handicapped and elderly people with special identifi- 
cation cards travel for half fare during nonrush hours. In the 
second and subsequent phases, fares will be based on distance 
travelled. 

Projected operating revenues won't even cover the interest charges 
that would normally be associated with such an investment. 


Transportation Research News, May-dune 1976 
Transportation in the U. S., An Appraisal, The Mitre Corp., 
January 1975. p. 35 
Washington Post, July 22, 1976. 
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II. CONRAIL 


A $6.4 billion federal program is designed to reorganize the Penn 
Central and other bankrupt carriers, provide funds for still other needy 
railroads, and upgrade Northeast Corridor service. "This is our last chance 
at developing a comprehensive program to keep the railroad industry in pri- 
vate hands, to save it from further degredaticn and eventual nationalization," 
says Representative Fred B. Rooney (D-Pa.), chairman of the House subcommittee 
dealing with railroad problems. The Consolidated Railroad Corporation 
(Conrail) has taken over the operations and will operate 15,000 route miles, 
with 90,000 personnel, 159,000 freight cars and 4,162 locomotives. 

John Ingraham, First National City Bank vice president, estimates 
that Conrail would have a profit of $55 million in its eighth year. The U. S. 
Railway Association (USRA) also predicts that Conrail would be reasonaoly 
profitable in its eighth year, but assumes that this will depend on federal 
loan guarantees. 

Sources: Business Week, June 2, 1975, August 11, 1975, November 24, 1975, 

and April 19, 1976. 
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III. METROPOLITAN SCALE APPLICATION OF 
AUTOMATIC GUIDEWAY TRANSIT (AGT) 


Four metropolitan networks have made serious studies and are consid- 
ering the purchase of AGT for their locales. These would require a capital 
investment of $7.8 billion dollars. If approved, the Federal Government 
might be called on to finance 80 percent of the costs ($6.2 billion). 

The metropolitan networks are: 

• Regional Transportation District, Denver, Colorado. 

— 100 route miles of double guideway 

-- 67 stations 

-- 800 12-passenger vehicles 

— Capital cost, $2.1 billion 
f Twin Cities Area, St. Paul/Minneapolis 
-- 81 miles of dual guideway 

-- 114 stations 

-- Capital cost $1.7 billion 
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e San Diego Region, California 

-- 59 miles of dual guideway 
-- 57 stations 

-- vehicle fleet containing 17,500 seats 
-- Capital cost, $1.6 billion 
§ Santa Clara County, San Jose, California 
— 140 miles of dual guideway 
-- 140 stations 

-- Capital costs, $2.35 billion 


Source: Panel Reports on Automated Guideway Transit In Support of an Assess- 

ment of PRT and Other New Systems. Prepared for the Office of Tech- 
nology Assessment, U. S. Congress, May 1975. 
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IV. AMTRAK 


Congress recently approved a $1.6 billion Northeast rail improvement 
program. This is in addition to the $6.4 billion Federal program designed to 
reorganize the Penn Central and other bankrupt carriers. 

AMTRAK commenced operations in 1971. The Secretary of Transportation 
reported a 1973 deficit of $150 million compared with total revenues of $177 
million, 46 percent of which was in a Federal subsidy. Some pertinent data 
regarding AMTRAK follows. 

t 1975 selected statistical data: 

-- 25,000 mile system 

-- Will lose more than $320 million 
-- Costs per passenger mile are 15.4 cents 
-- Revenues per passenger mile are 6.7 cents 
-- If every Amtrak seat were filled, the system would still 
lose over $75 million in this year 


f other selected dr.ta: 


Sources : 


-- AMTRAK's Floridian--Chicago to St. Petersburg, Florida. 
Roomette costs passenger $120, AMTRAK subsidizes his trip 
to the tune of $264. The Government could save money by 
giving each of these customers first-class airfare, plus 
$100 to spend on the beach. 

-- Even with twice as many riders AMTRAK projects operating 
deficits of $400 million a year in 1980. 

-- The New York Times, dated December 1974, stated, "for 
each of the almost 19 million passengers the system will 
carry, taxpayers will pay more than $12 for his ride." 


Business Week, April 19, 1976. 

Fortes, Decembe*^ 1975. 

Transportation in the U. S., An Appraisal, The Mitre Corporation, 
January, 1975. 
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